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CHAPTER I 
REVIEW OF RELATED LITERATURE 
Introduction 
The problem to be investigated in this paper lies within 
the general area of curriculum and instruction. The design, 
implementation, and evaluation of an innovative instructional 
system will be discussed. 
Some current research in education seeks practical ways to 
implement a philosophy of education for all rather than 
opportunity for all. An autoinstructional system, based on 
measurable, specific objectives and utilizing a media approach 
combined with person to person contact, may help achieve this 
philosophy. 
The autoinstructional system under discussion was desig:n:ed 
specifically for the teaching of beginning and intermediate 
algebra at the college level and was implemented at Moraine 
Valley Community College, Palos Hills, Illinois. It was 
evaluated by comparing the effectiveness of the experimental 
autoinstructional system with the traditional lecture-discussion 
method in the areas of student achievement, attrition, and 
attitudes. 
1 
Relative Effectiveness of Isolated 
Instructional Media 
2 
The question o~ which mode of presentation results in the 
greatest amount of learning in the shortest period of time has 
been with us for many years. Most studies operationally define 
learning as cognitive skills measured by pencil and paper tests. 
Relatively little attention has been given to affective learning. 
As early as 1912, Henman (1) surveyed the literature and 
found that an auditory presentation, regardless of subject 
matter, was superior to a visual presentation. This conclusion 
applied to immediate memory for adults. 
-A monumental study consisting of lJ individual experiments 
was conducted at the University of Chicago in the early 
1920's (2). Although generally unknown, this stud~ represented 
the first systematic experimental investigation of instructional 
media variables. 
With the advances made in technology and instructional 
media, the basic question of teaching effectiveness grows more 
complex. The computer offers much promise as an instructional 
tool through its great storage capacity and speed of data 
analysis and retrieval. It may evaluate, diagnose, and 
prescribe instruction for the student (J). In computer based 
instruction, the student is informed whether he responded 
. correctly. If he responds incorrectly, he is shown what the 
correct response should be. He must then provide the correct 
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answer or work through a remedial sequence. Types of computer 
instruction include typewriter terminal and cathode ray tube 
interaction with the machine (4). 
other presentation machines are also available. Some use 
film, while others rely on paper rolls or cardboard discs. In 
linear programed lessons, each learner follows the same path. 
Machines with branching lessons provide the learner with a path 
based on the correctness of responses. Both linear and branched 
programed texts are available in a variety of subjects. 
Film presentation devices include motion pictures, film 
strips, film loops, and slides. The presentation may be entirely 
visual or may include synchronized sound recordings. 
Television may be used as an instructional device in a 
variety of ways, including closed circuit TV and video-tape 
presentations. Dissemination to groups of students and auto-
instruction by individuals are possible through television. 
This same flexibility applies to audio recordings. 
Hughes (5) found that an experimental group using pro-
gramed texts made higher achievement test scores in less time 
than a control group taught by lecture and discussion. Nott (6) 
concluded that students taught by lecture-text learned faster 
than students taught by programed texts. Reed and Hayman (7) 
found no significant difference between a programed text and 
lecture-text instruction. The programed text was more effective 
for the better students. Goldstein and Gotkin (8) reviewed 
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eight studies comparing teaching machines and programed texts. 
No significant differences in achievement were reported, although 
the time saved using programed textbooks was significant in five 
studies. Eigen (9) found no significant differences in achieve-
ment or time between programed texts and teaching machines. 
Blair's study (10) compared the TEMAC programed text materials 
with the lecture-discussion method in teaching ninth grade 
algebra. The conventional instruction was found to be superior. 
Hough {11) compared a teaching machine and conventional 
instruction in a college course. Both methods were equally 
effective, but the teaching machine took less time. Kopstein (12) 
used an Autotutor Mark I to teach electronics to an experimental 
group, while a control group was taught by lecture and discussion. 
There was no significant difference in learning. Engstrom and 
Whittaker {lJ) randomly divided 60 college students into two 
groups on a spelling test. The experimental group used a 
teaching machine and a spelling program covering the words used 
in a pretest. The control group studied these words visually 
for the same amount of time. The machine group showed more 
improvement than the control group, and its retention was higher 
after a month. Zoll (14) reviewed research in lJ comparative 
studies. Programed instruction was favored in three cases, 
traditional methods in three, and neither in seven. 
Bentley (15) compared films and instructor teaching in 
three agriculture projects. Tests of information and application 
e Used as criteria, both as immediate post-tests and as wer 
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retention tests. The only difference favored the film group on 
the information test in one of the projects. Dworkin and Holden 
(l6) compared the effectiveness of lectures and sound filmstrips 
for presenting information on the bonding of atoms. There was 
no significant difference. Johnson (17) compared live 
instruction, films alone, filmstrips alone, and films and film-
strips combined for effectiveness in teaching mathematics. No 
consistent differences emerged in favor of any treatment. 
Berger (18) compared the effectiveness of television 
presentations to lectures in ninth grade algebra. Neither method 
was clearly superior. Carpenter and Greenhill (19) investigated 
the effectiveness of closed circuit television for teaching 
university courses. As measured by tests, there was no 
significant difference in learning between students taught by TV 
and by conventional methods. Two different psychology courses 
and the lecture-demonstration part of general chemistry were 
included in the study. Gobin and Clevenger (20) compared 
presentation by TV and instruction by graduate students with 
varying teaching experience. In achievement, the TV group was 
approximately equal to the total group taught by graduate students 
·but quite superior to the group taught by inexperienced graduate 
students. Evans, Roney, and McAdams (21) found no significant 
differences between achievement of students taught elementary 
psychology by TV and others taught by conventional methods. 
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Williams, Paul, and Ogilvie (22) presented a lecture by tele-
vision, radio, reading, or lecturing to each of four groups. 
Subjects were tested immediately and again eight months later. 
Differences were significant. Television was most effective, 
followed by radio, reading, and lecture, in that order. Eight 
months later, the only change that was measured was that the 
lecture group was second in effectiveness. 
Newman and Highland (2J) compared four methods of presenting 
a 21 hour course in radio over a four day period. These were: 
live instruction, tape recordings and workbook, chapters in a 
notebook, and tape recordings with slides. No overall differences 
were found. Popham (24) compared two methods of presenting a 
course in research methods. The control group received lecture-
discussion instruction while the experimental group heard taped 
lectures followed by a briecf discussion, conducted by the 
instructor. There was no significant difference in achievement. 
Popham (25) then compared conventional instruction with taped 
lectures followed by student led discussions. There was again no 
significant difference in achievement. 
Available studies seem to indicate that no difference 
exists in the effectiveness of various instructional media. This 
·may or may not be true. Kopstein and Seidel (26) state that suf-
ficient data are lacking from studies comparing computer assisted 
instruction to conventional instruction. There have not been 
enough studies done on sufficient numbers of observations with 
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acceptable methodology to present conclusive evidence. 
stickell (2) analyzed 250 media comparison studies of televised 
instruction and direct instruction. He classified 217 as 
"uninterpretable," 2J as "partially interpretable" because of 
efects in experimental design, and only ten as "interpretable." 
11 of these show no significant difference in learning at the 
.05 level. 
Krathwohl, Bloom, and Masia (27) state that knowledge 
objectives may be achieved by an attentive, well-motivated 
earner with equal facility using any of a great variety of 
earning experiences. Another possible explanation is that 
ifferences in effectiveness of instructional media may be 
pparent on an individual level and tend to be obscured in a 
group~ 
Development of Instructional Systems 
Research has moved toward defining various types of programs, 
subject matter, and learner characteristics (28). Stress, 
nxiety, and achievement interactions in the use of programed 
aterials and conventional classes have been studied. 
Although programed instruction was originally intended to 
eplace classroom teaching, it will probably prove valuable as 
n instructional device when properly integrated with conven-
tional instruction. 
Wiebe (29) tried to find the most effective combination of 
rogramed and teacher directed instruction with low achieving 
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students. He found that teacher instruction for a half period, 
followed by programed instruction for a half period on the same 
day, was superior to programed instruction only or to teacher 
instruction on one day and programed instruction on the next day. 
Teacher instruction was found to be superior to programed 
instruction for low-verbal, low-quantitative students. 
Results such as these suggest that it is possible to 
increase instructional effectiveness by careful utilization 
of the various instructional modes. Learner aptitudes and 
interests may dictate the use of different types of materials to 
accomplish the same learning objective. This idea supports the 
concept of well defined instructional objectives. An exper-
imental approach based on specific measurable objectives appears 
to be the way in which the variables may be studied in an orderly 
manner. 
It is not reasonable to hope that one mode will best suit 
one person in all subject areas or all people in one area. 
Learner characteristics must be considered while tasks are 
analyzed with respect to the kind of stimuli and learning 
conditions which can be provided by various modes. 
An instructional system may be defined to be the means by 
#hich educational objectives are accomplished. It is a group of 
components, each functioning to produce the desired behavior in 
the learner. The instructor, the students, and the materials are 
the most obvious components of an instructional system. Other 
9 
components may include administrators, facilities, methods, and 
support groups, such as student personnel services. The term 
autoinstructional as used in the title of this paper refers to 
only the dissemination component of the total instructional 
system. 
In constructing an instructional system other variables 
must be considered. These include time spent at the learning 
tasks and extrinsic motivators, such as grades and deadlines. 
The degree to which students need to be supervised was-studied 
by Yesselman (JO). 
Rockhill (31) investigated the effectiveness of an instruc-
tional system for teaching beginning college mathematics based 
on measurable objectives. The computer was used as an evaluation 
device and computer printouts directed students to programed 
instruction appropriate to meeting objectives to be completed. 
Programed instructional materials were used as the mode of 
presentation. No significant differences were noted between 
experimental and control groups. 
Baley and Benesch (32) report that multilevel team teaching 
and individualized instruction produced significantly higher 
achievement in computational skill than did traditional methods. 
This system was developed to improve the basic mathematics skills 
of high school students in the Watts area who were unable to 
begin secondary level courses. 
Postlethwait (JJ) introduced his audio-tutorial system for 
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teaching biology in 1961 at Purdue University. Since then the 
system has been adopted extensively. His idea was to offer 
maximum educational opportunity to students of all abilities by 
allowing slow and average students to learn the material through 
many sources while freeing the rapid learner. These ideas closely 
describe the intent of the instructional system under consider-
ation in this study. Despite the fact that Postlethwait has been 
using and promoting this method of instruction for years, 
comparatively little has been done with this type of instruction 
in community college mathematics. Recent literature indicates 
that it is receiving greater attention now. 
The increasing appearance of mathematics laboratories and 
other learning centers in the community colleges and increasing 
research on these topics attests to this. Bluman (J4) reports 
that no significant difference exists in achievement between 
students taught in a community college mathematics laboratory 
and students taught in a classroom. The attitude toward the 
subject was significantly better for the lab students. The lab 
group had more self-initiated study while no significant 
differences in attendance and withdrawal rates occurred. 
Emery (35) reports that community college mathematics 
students taught by the audio-tutorial method performed at a 
significantly higher rate than students taught by conventional 
methods and materials. Burris (J6) reports that an audio-tutorial 
Program in basic mathematics for community college students was 
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successful in individualizing remedial instruction. While some 
instructional systems use audio-tutorial methods as the main 
form of instruction, others use audio-tutorial methods as 
supplementary learning experiences. Cassette recorded lessons 
allow the student to play, replay, review, and study at his own 
rate (37). 
work is currently under way at The Ohio State University to 
individualize mathematics instruction. Its CRIMEL (Curriculum 
Revision and Instruction in Mathematics at the Elementary Level) 
program is very similar in philosophy to the student oriented 
philosophy of the community college. The position of The Ohio 
State University's mathematics department is that many stude~ts 
fail mathematics because of the system of instruction used rather 
than difficulties with the course content. The CRIMEL project 
was implemented in the fall of 1970 with 4,200 students (38). 
CRIMEL provides flexibility in instruction through the use 
of mini-courses and a variety of instructional methods. Text-
books and the classroom are the primary modes of instruction. 
Computer assisted instruction, programed material, film, video-
tape, and tutors are used to help students who experience 
difficulty in learning the materials. Students set their own 
pace by electing the number of credit hours of work they will 
complete in a quarter. 
Little evidence of careful analysis is present in any of 
the material on CRIMEL, including a report recently received 
12 
through correspondence with Bert Waits, the CRIMEL coordinator. 
A questionnaire has been used to determine student attitudes 
toward CRIMEL, and they have been favorable. Mader (39) reports 
that student success in pacing in CRIMEL is better predicted by 
choice than through the use of other indicators. 
The current and future development of instructional systems 
will be important to the communi~y college movement and to 
expanding opportunities in higher education. Research indicates 
that many alternate forms of instruction are possible. 
1. 
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CHAPTER II 
PROJECT PERSPECTIVE 
The Community College 
Today's two-year college is a comprehensive institution 
servicing the diverse educational needs of its community. 
Arthur Cohen (1) asserts that traditional educational methods are 
not adequate. His community college of 1979 will have developed 
unique curricular and instructional forms to accomplish unique 
educational tasks. Well defined behavioral objectives will 
clarify and improve instruction. Instead of providing opportunity 
for all, the college of 1979 will provide education for all. 
Cohen sees the college of 1979 as a self-renewing 
institution in which students find relevance in community involve-
ment under the auspice.s of the college. Strong ties exist 
between the college and the community's needs and life patterns. 
The community plays an active role in determining the college 
curriculum. 
Gleazer (2) states that the community college of today 
generally: 
1. is a part of higher education in a state plan; 
2. is established and governed by state standards; 
J. admits all students who can benefit from a program; 
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4. charges little or no tuition; 
5. has a student population that commutes; 
6. is increasing the emphasis on technical and semi-
professional programs; 
7. is comprehensive in its programs; 
8. provides developmental education to aid under-
educated adults; 
9. is locally initiated and controlled, with sufficient 
state participation to maintain standards; 
10. has s·eparate and distinct district board, facilities, 
and budget. 
Moraine Valley Community College 
Moraine Valley Community College is located in the south-
estern part of Cook County, Illinois. It opened in September, 
1968, with an institutional philosophy that viewed instruction 
as a means to achieving behaviorally specified educational 
objectives. The administrators at MVCC understood the benefits 
of measurable educational objectives and provided the faculty 
¥ith encouragement and in-service training to help them specify 
their courses in terms of measurable objectives. The admin-
istration took a position similar to Cohen's regarding traditional 
college courses and their management. The faculty was en-
couraged to be creative and develop and implement ideas that 
ould provide workable solutions to the problems of flexibility 
and diversity as required in a comprehensive community college. 
The mathematics faculty developed mini-courses, self-paced 
courses, and autoinstructional methods. 
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The Moraine Valley Community College district has an area 
of 1J9 square miles and serves a suburban population of Jl0,000. 
six high school districts are included in the district (J). The 
enrollment includes approximately J,500 students in credit 
programs and 1,500 students in continuing education. The student 
body is heterogeneous in its composition with regard to many 
variables, including socio-economic background, ability, 
motivation, age, and high school record. Gleazer's general 
characteristics of a community college describe Moraine Valley 
Community College well. 
Community College Students 
The academic ability of students is one of the best re-
searched areas in higher education. When traditional tests of 
academic ability are employed, the mean scores for students 
attending four-year colleges exceed those of students in two-
year colleges, and these exceed the scores of high school 
graduates who do not go to college (4). Cooley and Becker (5) 
concluded that there was a tendency for junior college students 
to be more like noncollege youth than like four-year college 
students in terms of ability. It should be recognized that there 
is great variability of academic ability within each junior 
college and from college to college. Astin (6) states that few 
tests exist that are adequate for older students. Whereas only 
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about 15 per cent of the entering full-time students at four-year 
institutions are 19 or older, almost one-third of the junior 
college full-time students are in this older age group. If part-
time students were considered, the difference would be even 
greater. 
Research findings are virtually unanimous in demonstrating 
an ordering of types of colleges on the basis of student socio-
economic background variables, such as father's occupation, 
income, and education. Cooley and Becker (5) found that the 
junior college group f.ell between the noncollege and the senior 
college groups on every one of seven indices of socioeconomic 
status, including mother's and father's education, father's 
occupation, number of books in the home, and whether or not the 
student had a room, desk, and typewriter of his own at home. 
Junior college students were more similar to the four-year college 
group on these indices than they were to the noncollege group. 
The lower socioeconomic status of the junior college student 
is reflected in the high priority given to the low cost of the 
junior college. Thejunior college student is concerned with 
upward mobility and sees the potential of increased income as the 
Primary reason for college attendance (4). Junior college 
students tend to lead senior college students in percentages 
obtaining money during summers and school months through employ-
ment and personal savings. Investigators have reported that more 
than half the junior college students were working at least 
part-time while attending college (4). Bashaw reported the 
impact of local opportunities for college was most vivid for 
students of high academic ability from lower socioeconomic 
22 
levels. He discovered that a new public junior college in an area 
resulted in a statistically significant increase in the proportion 
of the total population attending college. Some argue that the 
existence of a college in a local community attracts new students 
to higher education because of the reduced cost. Others feel 
that a new educational awareness is brought to the community, 
while a third position states that less intensive motivation is 
required for continuing college in the same community (4). 
Studies have indicated that uncertainty about career plans 
is a factor of considerable importance in the decision to attend 
a junior college. Many students feel inadequately prepared to 
do senior college work. 
The data of Astin (6) in Table 1 show that junior college 
freshmen express less confidence on most traits and abilities 
questioned, They were less self-con~ident than the four-year 
college and university freshmen on points, such as academic 
ability, drive to achieve, leadership ability, mathematical 
ability, intellectual self-confidence, and writing ability. 
Although the differences were slight, larger proportions of 
junior college students than four-year college students felt 
themselves above average in artistic ability, athletic ability, 
defensiveness, and mechanical ability. 
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TABLE 1 
PERCENTAGES OF STUDENTS RATING THEIVT.SELVES "ABOVE AVERAGE" 
ON AMERICAN COUNCIL ON EDUCATION 
(ACE) SURVEY TRAITS 
TWO;_YEAR 
COLLEGES 
Academic ability 37 
Athletic ability 37 
Artistic ability 19 
Cheerfulness 54 
Defensiveness 29 
Drive to achieve 47 
Leadership ability 29 
Mathematical ability 24 
Mechanical ability 27 
originality J2 
Political 
conservatism 12 
Political liberalism lJ 
Popularity (general) 27 
Popularity 
(opposite sex) 27 
Public speaking 
ability 16 
Self-confidence 
(intellectual) 27 
Self-confidence 
(social) 29 
Sensitivity to criti-
cism 23 
Stubbornness 36 
Understanding of 
others 56 
Writing ability 19 
FOUR-YEAR 
COLLEGES 
61 
J5 
18 
54 
27 
59 
J9 
J6 
22 
37 
16 
20 
J2 
28 
23 
36 
29 
28 
36 
61 
29 
UNIVERSITIES 
69 
37 
20 
54 
28 
63 
44 
44 
27 
42 
17 
22 
J6 
32 
26 
4J 
32 
29 
J9 
62 
J2 
Junior college students tend to show less interest in 
intellectual pursuits than senior college students. Senior 
college students are more likely to express an interest in 
humanitarian concerns; whereas, junior college students seem to 
be more concerned about business and financial matters. Junior 
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college students are more conventional, less independent, less 
attracted to reflective thought, and less tolerant than four-year 
college students (4). Warren (8) found that students at private 
colleges were the most venturesome, impulsive, ready to commit 
themselves to courses of action in a variety of situations, and 
more involved with other students. Junior college students were 
the most cautious, prudent, controlled, apprehensive, and rigid 
in their concerns over grades and academic standing. 
Most research agrees that students entering a junior college 
are influenced more by practical considerations and less by 
intellectual interests than their peers in four-year colleges (4). 
One might argue that while junior college students appear inter-
ested in courses that will help them in future jobs, they may be 
less enthusiastic about courses focusing on development of skills 
for a particular line of work. 
Many of the junior college students have not made a firm 
occupational choice by the time they enter college, and a great 
number change their minds during the first two years. Astin (6) 
reports that two-year college men tend to be interested in 
business (22 per cent) and engineering (17 per cent). Twenty-
five per cent of junior college women surveyed said that they 
plan to go into elementary or secondary education. 
Junior college freshmen have more modest educational 
aspirations than do four-year college freshmen (6). About 
three-fourths of the junior college freshmen say that they 
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intend to earn a bachelor's degree. The educational aspirations 
of both junior and senior college students are unrealistically 
high. Many of the junior college students lack the courses 
necessary for college admission. One could assume that a 
decision to go to college is one way of deferring a decision 
about an occupational future. One survey indicates that the 
students going to junior college are less certain about their 
future plans than either the noncollege or four-year college 
people ( 4). 
Mathematics Mini-Courses 
Most students entering Moraine Valley Community College are 
capable of taking a beginning to intermediate algebra course. 
The original mathematics curriculum included such a course, and 
it enjoyed the greatest enrollment of any of the mathematics 
courses. Many students take mathematics, and consequently 
ost of them took the same algebra course regardless of their 
individual needs or aspirations. 
The mathematics faculty at MVCC studied the situation and 
ormulated a plan to try to provide a better mathematics educa-
tion. In the fall of 1970, a set of mathematics mini-courses was 
introduced. Most of these courses are six weeks long and carry 
ne semester hour of credit. These courses provide considerable 
flexibility for the student. By choosing a set of mini-courses, 
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the student can tailor a mathematics program to his needs. 
Transfer, general education, and occupational needs are served 
without a proliferation of three semester hour courses (9). 
once flexibility was achieved in course content, work began 
on flexibility of teaching methods. Conventional lecture-
discussion teaching methods expect each student to start learning 
at the same time, proceed at the same rate, and finish the course 
at the same time. Those who are unable to maintain the learning 
pace fail, These failures may result regardless of the student's 
ability to eventually learn the material or his good intentions 
to do so. In a traditional lecture-discussion method of 
instruction, students are treated uniformly even though their 
teachers sometimes may be overheard subscribing' to the concept 
of individual student differences, The mathematics faculty at 
MVCC is working to solve this problem of inflexibility. 
The two aspects of the problem of teaching methods con-
sidered most important are inflexibility with respect to time and 
the desirability of providing several methods of instruction 
through which the student can achieve the course objectives, 
Provisions for differences in cognitive style and ability are 
being sought. While the mini-course structure provides for 
differences in content needs, it does not provide for differences 
in learning styles if only lecture-discussion-textbook methods 
are employed, 
The mini-course with the greatest enrollment is a beginning 
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algebra course called Fundamentals of Mathematics. The beginning 
and intermediate algebra mini-courses account for more than 60 
per cent of the student mathematics enrollment at the mini-
course level. 
Since these two courses are the mathematics courses with 
the heaviest enrollment, they received the greatest attention in 
efforts to define measurable objectives. After a great deal of 
effort, discussion, and several revisions, the objectives of these 
two courses were specified. The large enrollment and the 
formulated objectives made an alternate form of instruction 
possbile. 
Terminology 
For purposes of clarity and since no standard definitions 
appear to be available, autoinstructional will be defined to mean 
instructional presentations via video-tape, audio-tape, sound on 
slide, or similar devices with the learner in control of the 
presentation. It is important to note that the learner is in 
control of the presentation device. In this way he can stop 
the presentation, back it up if he wishes, and use it to suit 
himself. This is different from a television set in the lecture 
hall, although the purpose of the two presentations is dissemina-
tion of information. 
Individualized instruction may be defined as differentiation 
of instruction according to individual differences in students 
(lo). By allowing the student to control the presentation device 
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to suit his own needs, the autoinstructional method is a form of 
individualized instruction. 
Guarna states that individualized instruction is oriented 
toward the learner (11). Instruction is to be self-directed and 
self-administered at a time convenient to the learner. This 
suggests a self-paced autoinstructional method, 
Autoinstructional methods can be used to teach self-paced 
courses. Such a course may be defined as one which allows each 
student to learn at a rate commensurate with his ability. Self-
pacing is a way in which instruction may be individualized, 
A systems approach to individualized instruction may be 
employed. Guarna (11) states that there are six major steps in 
the systems approach ~o individualized instruction, Presentation 
of the steps and discussion follow, 
First Step--Rationale 
The course content is selected on the basis of its suit-
ability in meeting student needs and promoting the attainment of 
school goals. 
Second Step--Measurable Behavioral Objectives 
Behavioral objectives are the basic building blocks of each 
instructional unit; they are the key to the effective management 
of learning. Mager (12) states that there are three important 
questions in teaching. 
1, ',lfhere am I going? 
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2. How will I get there? 
J. How will I know I've arrived? 
Formulating measurable objectives requires scrutiny of the 
learning that is to take place. It requires that the following 
questions be resolved. 
1. What is this course about? 
2. What are its major features and ideas? 
J. How are the ideas structured? 
4. Why are the students going to learn these things? 
5. What are the necessary prerequisite skills for the 
new learning? 
6. What will the students be able to do as a result of 
instruction? 
This last question is resolved with the formulation of 
measurable behavioral objectives and answers the question, "Where 
am I going?" This is considerably different from the conven-
tional approach in which a textbook is a synonym for the course. 
Once the course is defined by a set of objectives, teachers 
are in an advantageous position. They are able to: 
1. judge objectively the suitability of textbooks and 
materials by considering whether they are likely 
to produce the specified outcomes; 
2. better diagnose student readiness for a particular 
level of study; 
J. communicate their expectations to students by giving 
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the students the objectives; 
4, tell when a student has finished a course; 
5, consider alternate forms of instruction which are 
likely to achieve the same objectives, 
The last point concerns "How will I get there?" and suggests 
that there is more than one way, 
The objectives are the foundation of the following four 
stages of the systems approach to individualized instruction. 
Third Step--Pretest 
The pretest is used to determine the students' cognitive 
readiness to begin working on a set of objectives. It can 
diagnose the student's mastery of prerequisite objectives. 
Fourth Step--Instructional Methods 
Instructional methods are formulated to accomplish the 
measurable objectives, Many instructional methods can be 
formulated and may include activities, such as large or small 
group lecture, discussion, seminar, laboratory, programed 
instruction, library work, skill building drill, or auto-
instructional presentation. The autoinstructional presentation 
is, thus, an instructional method that can appear in the fourth 
step of the systems approach, 
fifth Sten--Post-test 
The assessment of learning is a very important step in the 
systems approach. By using measurable objectives, construction 
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of a valid post-test is simplified, Students are tested on the 
objectives that instruction has covered, A criterion-referenced 
testing approach is used instead of the traditional norm-
referenced approach. In this way, testing is used to determine 
the students' performance with respect to an established 
criterion or performance standard, The normal curve as used in 
the traditional norm-referenced approach serves to sort students 
for purposes of assigning grades. It does not directly measure 
learning. 
Bloom (13) states: 
Most students (perhaps over 90 percent) can master what 
we have to teach them, and it is the task of instruction to 
find the means which will enable our students to master the 
subject under consideration. Our basic task is to determine 
what we mean by mastery of the subject and to search for the 
methods and materials which will enable the largest proportion 
of our students to attain mastery. 
Sixth Step--Feedback 
In this final stage, necessary adjustments and corrections 
are made in the operating system. These are made on the basis 
of recognized deficiencies or changing requirements. 
Insufficient learning on the part of the student means that 
the objectives have not yet been achieved. The student must be 
given additional opportunity to accomplish them. 
If a pattern of difficulty is identified, the instructional 
aspect or the evaluation related to an objective may require 
modification, 
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Related Models 
A Venn diagram is useful in relating the various terminal-
ogies discussed above. 
u 
u = f rnstructional methods1 
I = f Individualized instruction methods1 
A = f Autoinstructional methods1 
s = lself-paced instructional methods1 
R = lsystems approach to individualized ins true tionJ 
Fig. 1.--Relationship of Instructional Methods 
Guarna's model for instruction is much like Gorow's 
paradigm (14) and the model presented by Popham and Baker (15). 
As autoinstructional methods based on these models are 
implemented, the role of the instructor will change. Cohen (16) 
states three classifying roles for instructors: the model, the 
mediator, and the manager. The instructor may be seen as a 
model person, a mediator between the student and the material, or 
a manager of a total learning environment. Guarna, however, 
sees the instructor as a disseminator of knowledge in the 
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traditional classroom and as a manager of learning in the auto-
instructional setting. 
Facilities Required 
Special facilities, often called mathematics laboratories, 
are needed to teach students by autoinstructional methods. A 
mathematics laboratory is defined by the CUPM (17) as "arrange-
ents for teaching other than classroom instruction or undirected 
individual study." The facility includes programed materials, 
audio-visual devices and materials, and possibly computer 
terminals. The laboratory may include areas for individual 
or group conferences. Services and potentialities of a 
thematics laboratory were discussed by Lawrisuk (18). 
Moraine Valley Community College opened with such a 
facility called the Individualized Learning Center. The ILG 
serves instruction in a variety of ways since diagnostic, 
instructional, and evaluation services are provided. 
Characteristics of a Successful System 
Achievement of the students is the most important considera-
tion when evaluating the success of an instructional system. 
The achievement of students receiving instruction by the auto-
instructional method must be greater than or equal to the 
achievement of students taught by conventional means. The 
affective domain must be considered similarly. 
The instructional design must provide an 
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advantage over lecture-discussion for some of the students and 
no disadvantage for the others. Specifically, it might allow 
students who do not care for lecture-discussion another way to 
achieve the course objectives. It might allow aggressive students 
to finish quickly. It might reduce the attrition rate or 
facilitate continuous registration. The system must appeal to 
some of the students. If no one chooses the innovation, it 
becomes superfluous. 
A successful system must be manageable. The instructor 
should be able to monitor carefully the efforts and achievements 
of the students. 
These characteristics were considered when the pilot 
studies (Appendix C) were designed, and most were used as 
criteria for determining success. Modifications in the 
instructional design were intended to help the system better 
meet these standards. 
1. 
2. 
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CHAPTER III 
THE STUDY 
Purpose 
It is intended to determine whether an autoinstructional 
design for teaching beginning and intermediate algebra is 
effective. The autoinstructional design will be used to teach 
a beginning algebra mini-course (Mth 110) and an intermediate 
algebra mini-course (Mth 114) at Moraine Valley Community College 
in Palos Hills, Illinois. The autoinstructional method will be 
considered successful if it performs at least as well as the 
lecture-discussion method, since alternate forms of instruction 
and/or increased instructional effectiveness are being sought. 
The subjects will complete pretests and post-tests relating to 
mathematics and several attitudinal scales. In addition to these 
quantitative considerations, qualitative differences will be 
noted. The experimental instructional system may provide the 
students with another way of completing the course objectives; 
it may allow for early completion of course objectives; or it 
may allow for continuous registration. Differences in student 
group characteristics will be noted to gain insight into the 
selection process created by having students choose their method 
of instruction. Three major groups of hypotheses are to be 
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tested. They relate to student achievement, attrition, and 
attitudes. 
Review of Pilot Studies 
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Two pilot studies preceded the implementation of the auto-
instructional system under consideration. A detailed description 
appears in Appendix C. Autoinstructional self-paced courses in 
mathematics for students in the Drafting Technology program 
were offered in the spring of 1971. These mini-courses were 
presented as a series of short units of instruction. Each unit 
was defined in terms of specific objectives and had a video-tape 
presentation, programed workbook assignment, and practice te~t. 
Students were required to attend class once a week for a 
question and answer session and meet with the instructor 
individually each week for an assessment of their work. They 
were to attend the Individualized Learning Center to view video-
tapes and to take tests. The video-tapes were intended as the 
primary source of information. Course deadlines were established 
allowing the students more than twice the time normally required. 
Eight Drafting Technology students enrolled for the self-
paced section. All of these students were qualified for the 
course as determined by their high school records, ACT scores, 
and scores on a pretest. At least one student was over qualified. 
The rate of progress in the self-paced section was slower 
than in lecture-discussion sections and the attrition was not 
significantly reduced. Although student responses to a 
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questionnaire indicated general satisfaction with the instruc-
tional design, they also indicated little use of the Yideo-tapes. 
The students had relied on the programed textbook and their 
instructor. 
It was decided that the self-paced course did not compete 
effectively for the students' time and attention. By lacking the 
periodic deadlines found in ordinary courses, it was given a 
relatively low time priority. This resulted in some of the 
students aiming for the ultimate deadline and finishing even 
later, despite their ability. Self-pacing, as it was implemented 
and determined only by the students, seemed unworkable in the 
·community college. A re-evaluation of self-pacing or abandonment 
was indicated. 
The second pilot study was conducted on the basis of 
knowledge derived from the first pilot study. A pilot section 
in peginning and intermediate algebra was offered to the general 
student population. 
The beginning algebra was organized into ten units of 
instruction defined in terms of specific objectives. Each unit 
was related to an autoinstructional presentation, a textbook 
assignment, and programed learning experience. Each of these 
learning experiences was designed or selected on the basis of 
its relationship to unit objectives. The autoinstructional 
presentations included video-tapes, sound on slide presentations, 
and cassette recordings with handouts. 
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students were required to attend class and an interview 
once each week as in the first pilot study. They were to attend 
the ILG to use tapes and to take tests. Test deadline dates were 
established that allowed the students the same amount of time 
as the lecture-discussion' sections. 
sixteen students enrolled for the autoinstructional Mth 110 
course. The students appeared to represent a good cross section 
of the student population. Two sections taught by the lecture-
discussion method were used as a control group. This was a 
convenience sample chosen because the instructor agreed to 
cooperate. 
Student use of the autoinstructional materials was not 
good. Most of them relied heavily on their textbooks. This 
probably reflects their own traditional orientations and those 
expressed by the instructor. Attendance at the required weekly 
class meeting and individual appointment was as poor as it often 
is in lecture-discussion sections. 
The following hypotheses were tested. 
1. No significant difference exists between the ACT 
mathematics scores of the experimental and the 
control groups. 
2. No significant difference in achievement exists 
between the experimental and the control groups, as 
measured by the objective items on the final 
examination. 
J. No significant difference in achievement exists 
between students expressing a preference for the 
autoinstructional method in the experimental and 
the con~rol groups. 
All three hypotheses were accepted. 
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The completion time for both groups was the same. The 
experimental system provided an educational advantage over the 
ecture-discussion method since it allowed students to finish the 
course work early. No student in the experimental group finished 
early. Attrition rates for the groups were the same, as measured 
by the percentage of registered students taking the final 
examination. The grades earned by the students in each group 
ompared well. 
The pilot studies indicated that further investigation of 
utoinstructional methods on a larger scale and with more con-
trolled evaluation was justified. 
Instructional Design 
The results of the pilot studies were used to implement the 
experimental autoinstructional system to teach beginning and 
intermediate algebra. 
The major difficulty in the pilot studies was the lack of 
use of the autoinstructional materials. Since the textbook 
encouraged such nonuse, it was decided that a textbook would not 
be used for the full scale implementation. Original materials 
ere written for the autoinstructional students. These materials 
were put in the form of a packet for each unit of study. The 
Mth 110 course was reduced to nine units of study from the 
original ten. The tenth unit was combined with one of the 
succeeding Mth 114 course units. 
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Each unit of study was defined in terms of specific 
behavioral objectives that identify the content and the student 
behavior desired. The objectives more closely follow Tyler's (1) 
form than Mager's (2). Copies of the course objectives are 
included in Appendix A. 
Each student was to receive a pretest in his packet of 
materials for each unit of instruction, along with the answers to 
the pretest and a success criterion. Students were to test 
themselves on the unit. If they met the success criterion, they 
were to be required to do the practice problems for the unit; 
but they would be excused from the autoinstructional presentation. 
If they failed to meet the criterion, they were to use an 
appropriate video- or audio-tape presentation in the Individual-
ized Learning Center. In any case, students would be required to 
fill out a record card in the ILC to record the tape number used 
or success on the pretest. 
Each unit of instruction had at least one autoinstructional 
presentation. One presentation was designated as the primary 
learning experience, and others were listed as supplementary. 
Each primary learning experience had a paper handout so that the 
student could work along with the presentation instead of being 
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a passive recipeint. This technique is recommended by 
postlethwait (J). After completing the primary learning exper-
ience, the student would do the practice problems. Then he ~ould 
take the pretest for the next unit. A sample packet is included 
in Appendix B. 
other difficulties identified by the pilot sutdies include 
heavy attrition, poor attendance, awkward record keeping, and 
unavailable test scores. These problems are probably related in 
some way. They sugge~ted a need for a very closely supervised 
Learning environment. This conclusion agrees with the results 
reported by Yesselman (4). 
A computerized record keeping program was devised to solve 
~he problem of awkward record keeping. An appropriate program 
~as written by the computer programmers at MVCC. Special optical 
scan forms were designed and purchased for the system. 
The computer would be used to maintain records of utilization 
~f materials in the ILC. The record cards which the students 
were to fill out in the ILC would be punched. The information 
~egarding student identity, unit number resource used, and date 
Would be stored by the computer and printed out weekly, with the 
information on attendance and test results also stored and 
Printed out periodically. Quality and quantity of written work 
Nere to be similarly reported. 
A differentiated team teaching approach was designed to 
handle the full scale implementation. The team consisted of 
I . 
I 
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two instructors and one technician. 
The system was designed to handle five sections of JO 
students each or a total of 150 students per semester. The five 
sections were scheduled to meet 10:00-11:00 A.M. in the same room 
five days a week. Students would be required to attend one class 
session per week and allowed to attend more than one if they 
desired. Attendance would be taken on the day they were 
scheduled to be in class. The class was to be conducted as a 
question and answer session with students working in small groups 
and helping one another. The technician and at least one 
instructor were to be present at each session to create a low 
student to teacher ratio. It was intended that the time saved 
on lecturing would be spent working with individuals and small 
groups. 
At the first class meeting, which also was to serve as an 
orientation session, each student would be assigned a weekly five 
minute appointment with the technician. The times were to be 
determined by mutual agreement between the student and the 
technician. 
At this weekly interview, the technician was to check the 
quantity and quality of student written work. No teaching would 
be done during these meetings. The technician would give advice 
and make suggestions regarding work improvement when appropriate. 
Students with difficult problems were to be directed to one of 
the instructors during the regularly scheduled office hours. 
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periodic due dates were established for tests. This was 
necessary to prevent the students from falling behind as they did 
in the pilot study. Students were required to take tests by the 
due date or have the test grade lowered as a penalty. Students 
who elected to take a retest could do so, if they had a satis-
factory record in the course. A satisfactory record consisted of 
good attendance, utilization of all primary learning resources, 
and satisfactory written work. The technician would make all 
judgments regarding qualification for retest by using the 
computer record printouts. Retests were to be allowed on the 
three group tests in Mth 110 and six group tests in Mth 114. 
No retests would be allowed on the final examination. 
In the full scale implementation, the type of instruction 
was clearly indicated in the schedule of classes. This is 
customary at MVCC, since much innovation takes place. It is 
assumed that the students will choose the type of instruction 
they prefer. 
Arrangements were made with the registrar to have students 
sign up for a single mode of instruction. With the mini-course 
offerings, dual registration for Mth 110 and Mth 114 is necessary. 
It is possible for a student to be in a Mth 110 section for six 
weeks and then in another section for Mth 114. Sections were 
carefully numbered and other arrangements made to prevent this .• 
The counselors·were informed about the instructional sy~tem, 
so they could help the students make an informed choice. This 
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done by making a presentation at a counseling staff meeting was 
and answering questions. The staff was provided with a written 
description of the instructional system as well. 
Description of Subjects 
MJCC students in Beginning Algebra 
During the fall semester of 1969, a study was conducted by 
the Division of Student Personnel Services on the characteristics 
of students enrolled in Mth 100 (5). Mth 100 was replaced by 
the Mth 110 and Mth 114 mini-courses in 1970. The prerequisites 
for Mth 100 and Mth 110 are the same. Typical student character-
istics are a minimum of one year of high school algebra and an 
ACT mathematics standard score of 15 or more. In addition, 
Mth 110 students are given a pretest. This provides additional 
information for counseling. The results of this study may be used 
to gain insight into the general characteristics of the subjects. 
A sample of 60 was selected from the JJO students that 
enrolled for the semester. High school grades were available for 
57 and ACT scores for 42 students. Table 2 indicates the total 
number of years of mathematics taken in high school, and Table J 
indicates the type of mathematics taken. 
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TABLE 2 
YEARS OF MATHEMATICS TAKEN IN HIGH SCHOOL 
(N=56) 
N PER CENT 
One year 7 12.5 
Two years 2) 41.1 
Three years 25 44.6 
Four years 1 1.8 
Total 56 100.0 
TABLE J 
TYPE OF MATHEMATICS ELECTED 
WHILE IN HIGH SCHOOL 
(N=56) 
Mathematics I 
Algebra 
Geometry 
Advanced Algebra 
N 
15 
55 
45 
19 
PER CENT 
26.J 
96.5 
78.9 
JJ.J 
This information leads one to believe that the students have 
an excellent background in mathematics relative to the course 
Objectives. It appears that most of Mth 110 and Mth 114 would 
be a review fdr the majority of' students. 
Table 4 indicates the distribution of grades earned in high 
School mathematics courses. This casts a new light on the 
mathematical knowledge of the students. 
Although the students had taken much more than the required 
one year of high school mathematics, their achievement had been 
quite low with more than half of their grades below "C." Since 
many instructors are reluctant to award failing grades, it is 
reasonable to assume that these students knew very little about 
the course content. This was supported by poor performance in 
Mth 100 and continues to be supported by the same poor performance 
in Mth 110 and Mth 114. 
Table 5 depicts the ACT scores of the students as compared 
to high school seniors. The distribution of scores indicates 
that the students are above average in every category when 
compared with high school seniors. These results agree with the 
findings of Cross (6). 
--
subject area 
English 
Mathematics 
social Science 
Natural Science 
Composite 
TABLE 5 
ACT SCORES IN COMPARISON TO 
HIGH SCHOOL SENIORS 
Lowest Third Middle Third 
26.2% 45.2% 
9.4 54.8 
14.12 35.7 
7.1 54.8 
4.8 52.4 
Highest Third 
28.5% 
35.7 
50.0 
)8.1 
42.9 
Svara (7) asked the following question of his Mth 100 
students in 1970 and received these responses. 
How many hours, on the average, did you study outside of 
class per week for this class? 
TABLE 6 
TIME SPENT ON HOMEWORK 
Number of Responses 
6 
24 
14 
5 
0 
Hours per Week 
0 - 1 
1 - 2 
2 - 4 
4 - 6 
over 6 
About half the students claim to study one to two hours per 
week. This is far less than the six hours hoped for by the 
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instructor and may be an overestimate on the students' part. 
Thisrame questionnaire established that the students' responses 
underestimated their absences. 
~tudents in This Study 
The experimental groups consisted of four sections of 
Mth 110 and four sections of Mth 114, The experimental Mth 110 
group had a registration of lJO students,while the experimental 
Mth 114 group had a registration of 1J9 students. The control 
Mth 110 group consisted of 95 students, while the control 
Mth 114 group consisted of 99 students. These numbers include 
all students appearing on class lists. Five sections were to 
be enrolled, but a failure in the computerized registration 
system omitted the Thursday section. 
The subjects were distributed by sex as follows in Table 7. 
Experimental 
Group 
Control 
Group 
TABLE 7 
DISTRIBUTION OF SUBJECTS BY SEX 
Mth 110 Mth 114 
Male 85 92 
Female 45 47 
Male 56 6J 
Female 39 J6 
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All of the subjects involved in the experiment enrolled in 
sections that met during the morning or early afternoon. All four 
of the sections in each experimental group met at 10:00 A.M. The 
three sections of each control group met at 10:00 A.M., noon, and 
l:OO P.M. This is an important consideration since evening 
classes tend to have an older population. Both the experimental 
and control groups contained a majority of subjects who were re-
cent high school graduates. Each of the groups also contained a 
number of Viet Nam veterans and housewives. 
Description of Experimental Variables 
The following variables have been identified as pertinent to 
the experiment. 
1. rate of learning expected (7) 
2. sequencing of material (1) 
J. course objectives (2) 
4. test items and environment {2) 
5. testing schedule (7) 
6. initial ability of subjects (1) 
7. initial attitudes of subjects (6) 
8. time of day when sections meet (6) 
9. semester study takes place, fall or spring (6) 
10. sex of subjects (6) 
11. the John Henry effect (8) 
12. purity of each treatment (9) 
lJ. instructor variables (10) 
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learning rate expected of the experimental and control 
groups was identical. Since Mth 110 and Mth 114 are defined in 
terms of specific objectives, each subject was given a copy of 
the course objectives. The objectives were covered essentially 
in the sequence listed in Appendix A. Three tests and a compre-
hensive final examination were given to the Mth 110 groups. 
These tests were identical. Six tests and a comprehensive final 
examination were given to the Mth 114 groups. These were also 
identical. All tests were administered under identical condi-
tions in the Individualized Learning Center. Similar due dates 
were imposed on both experimental and control groups. These 
measures were taken to control for the first five variables 
listed above. 
No control was possible over the initial ability or 
attitudes of the subjects. The subjects for each group were 
self-selected, since they were to choose the method of instruc-
tion. 
Variables 8 and 9 were easily controlled by choosing 
sections that meet at approximately the same time of day and 
conducting the entire experiment during the same semester. 
Since the subjects were self-selected, no control was 
possible regarding sex of the subjects. Male-female distribu-
tions in the various sections were reported earlier. 
The greatest threat to purity of treatment developed by 
having both groups of students take their tests in the ILC. It 
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was thought that students in the control group would be enticed 
into using the autoinstructional devices as a result of seeing 
them in the learning center. The instructor in charge of the 
control groups was told of this possibility. No mention was made 
of the ILC materials by the teacher in the control group, and the 
textbook was strongly emphasized. Textbook assignments were 
given to the students according to the objectives they were to 
accomplish. Four transactions with autoinstructional materials 
by two control group subjects were noted as a result of a careful 
watch at the ILC. Apparently the utilization of the autoinstruc-
tional devices by control group subjects was minimal. 
Recent findings (8) indicate that teachers of control 
groups are ~purred to maximum performance. It is expected that 
this was the case. This John Henry effect probably balanced the 
high motivation of the innovative team. 
Instructor variables were not controlled, since there is no 
practical way of doing so. It should be noted that a single 
instructor taught the control groups, while the experimental 
groups were taught by a team of three. It is reasonable to 
assume that some interaction exists between instructor traits and 
the method of instruction under consideration. Both the 
instructor teaching the control groups and the technician on the 
team were young females. Since the technician had the greatest 
contact with the student, some degree of uniformity may have 
existed. 
Hypotheses 
r. 
-
Achievement 
The effect of the availability of an alternate form of 
instruction on the types of students who enroll for either 
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method is uncertain. A cognitive pretest can be used to deter-
mine whether any significant difference in enrollment occurred 
with respect to subject matter knowledge. If correct statistical 
analysis is to be conducted, pretest score information is vital. 
Tests to determine the effectiveness of the instructional 
system will be partially based on initial cognitive equivalency. 
These reasons suggest the testing of the following hypothesis. 
Hypothesis IA.--No significant difference exists between the 
experimental and control Mth 110 groups as measured by scores on 
the pretest. 
Initial cognitive equivalency of the Mth 114 experimental 
and control groups must be considered. Statistical analysis will 
be determined partially on this point. 
Mainly, students in Mth 114 are continuing into the second 
course of a sequence. Some information regarding selection due 
to instruction may be obtained. 
Since Mth 110 objectives are the prerequisite knowledge for 
Mth 114, the Mth 110 post-test may be considered as a pretest 
for Mth 114. The fol.J:owing hypothesis is suggested. 
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H.Ypothesis IB.--No significant difference exists between the 
experimental and control Mth 114 groups as measured by their 
Mth 110 post-test scores. 
students in the experimental and control groups were self-
selected, not randomly assigned. It is desirable to learn how the 
experimental group compares to the general Mth 110 course popula-
tion before instruction. The following hypothesis will be tested. 
Hypothesis IC.--No significant difference exists between the 
Mth 110 experimental group and the general Mth 110 course 
population as measured by scores on the pretest. 
The effectiveness of the instructional system must be 
determined by considering how well it produces the desired 
cognitive outcomes in the learners. Since- ·two mathematics mini-
courses are being evaluated, the following two hypotheses are to 
be tested. 
Hypothesis ID.--No significant difference in achievement 
exists between the Mth 110 experimental and control groups as 
measured by the post-test. 
Hypothesis IE.--No significant difference in achievement 
exists between the Mth 114 experimental and control groups as 
measured by the post-test. 
Since the experimental system includes a comprehensive 
56 
computerized record keeping system, questions regarding the 
relationships between learning activities and actual achievement 
can be investigated. This investigation will obviously not 
establish causality, but it will try to identify which activities 
are significantly related to successful accomplishment of course 
objectives. This information will be used to re-examine ideas 
regarding the importance of these learning activities and to 
suggest further modifica~ians in the instructional system. The 
following hypotheses.will be tested. 
Hypothesis IF.--Student achievement in the experimental 
Mth 110 group is not related to attendance at the required weekly 
class meeting. 
Hypothesis IG.--student achievement in the experimental 
Mth 114 group is not related to attendance at the required weekly 
class meeting. 
Hypothesis IH,--student achievement in the experimental 
Mth 110 group is not related to interview attendance. 
Hypothesis I-I.--Student achievement in the experimental 
Mth 114 group is not related to interview attendance. 
Hypothesis IJ.--Student achievement in the experimental 
Mth 110 group is not related to the use of autoinstructional 
devices. 
-tlYpothesis IK.--Student achievement in the experimental 
Mth 114 group is not related to the use of autoinstructional 
devices. 
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Hypothesis IL.--student achievement in the experimental 
Mth 110 group is not related to the satisfactory completion of 
written assignments. 
Hypothesis IM.--Student achievement in the experimental 
Mth 114 group is not related to the satisfactory completion of 
written assignments. 
II. A ttri ti on 
The high rate of attrition found in many coliege mathematics 
courses is a significant problem. The effectiveness of an 
instructional system must take attrition into consideration. It 
is possible to produce excellent cognitive results with any 
instructional system by encouraging only a few select students to 
complete the course. These students will produce high scores, 
and the instructional system will appear to be excellent. The 
community college philosophy is contrary to this approach. 
Students• needs are to be diagnosed, and serious attempts are to 
be made to meet the needs. The following hypotheses are to be 
tested to determine how effective the experimental instructional 
system is in regard to attrition. 
Hypothesis IIA.--No significant difference in attrition 
I 
ii' 
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exists between the Mth 110 experimental and control groups. 
£!Ypothesis IIB.--No significant difference in attrition 
exists between the Mth 114 experimental and control groups. 
yr. Attitudes 
The question of initial equivalence of the experimental 
and control groups has more than one facet. In addition to 
cognitive considerations, the initial attitudes of the two 
groups may be considered. 
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The uncertainty associated with the question of what type 
of student will enroll for the autoinstructional learning exper-
ience will be further resolved by such considerations. Although 
groups of students compare one way when tested cognitively, as in 
Hypothesis IA and Hypothesis IB, it is possible that group 
attitudes compare differently. 
Attitudinal pretesting allows for verification of initial 
equivalency of the experimental and control groups in another 
way. Since experimental outcomes are affected by the nature of 
the subjects, the following hypothesis is to be tested. 
Hypothesis IIIA.--There is no significant difference in the 
initial attitudes of the Mth 110 experimental and control groups. 
Any instructional system should not be associated with the 
formation of negative attitudes. The attitudinal effect of each 
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instructional system should be determined, Relatively shorter 
and longer term effects will be considered, as described in the 
following hypotheses. 
Hypothesis IIIB.--There is no significant difference in the 
attitudes of the experimental group before and after receiving 
instruction in Mth 110, 
Hypothesis IIIC.--There is no significant difference in the 
attitudes of the control group before and after receiving 
instruction in Mth 110, 
• Hypothesis IIID.--There is no significant difference in the 
attitudes of the experimental group before and after receiving 
instruction in Mth 110 and Mth 114, 
Hypothesis IIIE.--There is no significant difference in the 
attitudes of the control group before and after receiving 
instruction in Mth 110 and Mth 114. 
The attitudinal assessments in this experiment will be 
done through the use of the "Student Opinion Booklet," described 
in Appendix D, 
Experimental Design 
The design employed in this experiment is a version of 
Campbell and Stanley's Design 10 (9), called the "Nonequivalent 
Control Group Design," It assumes the assignment of the 
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treatment to be random and under the experimenter's control. The 
groups under consideration are to be naturally assembled and as 
similar as availability permits, but not so similar that one can 
dispense with the pretest. 
In this experiment the subjects were self-selected to the 
extent that they enrolled for sections that had stated methods of 
instruction. It would be impossible to assign treatment under 
these conditions randomly. Changing the conditions would violate 
institutional policy and philosophy and the purpose for which 
the alternate form of instruction was developed. Students were 
to be given a choice of instructional method. It was obvious 
that some of the students did not realize that they had enrolled 
in an autoinstructional section, since they expressed surprise at 
the first class meeting. 
Campbell and Stanley state: 
It seems important to distinguish two versions of Design 
10, and to give them different status as approximations of 
true experimentation. On the one hand, there is the situation 
in which the experimenter has two natural groups available, 
e.g., two classrooms, and has free choice in deciding which 
gets X, or at least has no reason to suspect differential 
recruitment related to x. Even though the groups may differ 
in initial means on o, the study may approach true experimenta-
tion. On the other hand, there are instances of Design 10 in 
which the respondents clearly are self-selected, the exper-
imental group having deliberately sought out exposure to X, 
with no control group available from this same population 
of seekers. In this latter case, the assumption of uniform 
regression between experimental and control groups becomes 
less likely, and the selection-maturation interaction (and 
the other selection interactions) become more probable. The 
'self-selected' Design 10 is thus much weaker, but it does 
provide information which in many instances would rule out 
the hypothesis that X has an effect. The control group, 
even if widely divergent in method of recruitment and in 
mean level, assists in the interpretation. 
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The situation that exists in this experiment is somewhere 
between the two versions of Design 10. In its ideal form,it is 
the second version. Since the instructional design is relatively 
new, it will probably be a while before the students hear about 
it from other students. At that point, the self-selection with 
respect to instructional method will be greater. All subjects 
apparently do not have the sophistication to make the distinction 
from the information that is currently provided. It is likely 
that the ideal may never be achieved because of the other vari-
ables that affect student choice. Two of these are the teacher 
and the time when the class is offered. 
Van Dalen (10) calls this design the "Nonrandomized Control-
group Pretest-Posttest Design(Design 5)." He cautions that a 
group of volunteers is likely to be more highly motivated than a 
group of nonvolunteers. This should not pose a great problem in 
this experiment. 
Moraine Valley Community College is an innovative institution 
and many different instructional methods are employed throughout 
the school. In certain subject areas, more than one method of 
instruction is available for a given course. The instructional 
method is listed for every course offered. It is expected that 
most students will choose the method of instruction they prefer 
if given a choice. Under these circumstances, no method of 
instruction is considered unusual or claims to be better. 
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When choice is offered, students making a conscious choice 
on the basis of instructional method are volunteers. Thus, 
students choosing the lecture-discussion classes are volunteers, 
if selection is made on that basis. Likewise, students who 
choose the autoinstructional classes are volunteers. There 
should be a tendency for any differences in motivation to cancel 
each other. 
students who are not aware of the choice are likely to be 
distributed among the sections offered. This also tends to dimin-
ish the effects of Van Dalen's question of motivation. 
Statistical Procedures 
Four sections each of beginning (Mth 110) and intermediate 
(Mth 114) algebra mini-courses were taught by the autoinstruc-
tional method. These mini-courses are usually taken sequentially 
. 
during one semester. Thus, most of the students registered for 
Mth 110 and the corresponding section of Mth 114. 
It is intended that each student take a mathematics 
assessment test for Mth 110 during orientation. This test 
consists of 44 items that cover enabling behaviors and some 
Mth 110 course objectives, The test has been used for two years. 
Approximately 22 correct answers are the suggested prerequisite 
for Mth 110. 
The pilot studies revealed that many of the students have 
no record of a pretest score. This led to the implementation 
Of special measures for this experiment. All counselors and the 
I 
11 
I 
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of student personnel services were contacted well in 
of orientation. advance All pretest papers were carefully 
6J 
collected. Prior to the first class session all subjects who had 
no pretest score were identified in both the experimental and 
control Mth 110 groups. Efforts were made to have them complete 
the pretest during the first or second class session. These 
efforts were largely successful. 
Hypothesis IA regarding the initial equivalence of the 
Mth 110 experimental and control groups was tested by two sample 
t-tests. They were performed on the total sets of pretest scores 
and also on the subsets of pretest scores that correspond to the 
students who took the Mth 110 final examination. All t-tests in 
the experiment were run on a Compucorp 1J5E Statistician Model 
desk top computer equipped with an R8 card reader. 
Hypothesis IB regarding the initial equivalence of the 
th 114 groups was tested by using the Mth 110 final examination 
scores as pretest scores. A two sample t-test was run on the 
scores of the students who actually took the first test in the 
th 114 course. In this way,. only students who actually started 
the course were considered. A two sample t-test was also run 
on the subset of pretest scores corresponding to the students who 
took the Mth 114 final examination. 
A table of random numbers ( 1.1) was used to get a random 
sample of the Mth 110 pretest papers completed by students not 
involved in the experiment. All papers were completed during the 
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semester of the experiment. All papers below 22 correct items 
were discarded before the sample was taken. A two sample t-test 
was run with this data and the experimental group pretest scores 
to test Hypothesis IC. Scores of all students enrolled in the 
experimental group were used. 
Hypothesis ID was also tested by using a two sample t-test. 
This was applied to the Mth 110 final examination scores. 
Hypothesis IE was tested with an analysis of covariance. 
The Mth 110 final examination scores were used as the covariate 
and the computations were performed on the Compucorp desk top 
computer using a standard program available for the machine. 
Specific criteria were established for grading the written 
problems on both Mth 110 and Mth 114 final examinations. All 
written problems for the experimental group and the control 
group were graded uniformly using these criteria. 
Hypotheses IF to IM were tested on the Compucorp. Pearson r 
correlation coefficients and corresponding z scores were 
calculated. An .05 level of significance was used. 
Hypotheses IIA and IIB regarding attrition were tested by 
using a chi-square test on proportions. An alpha level of .05 
was used. 
During the first class meeting, each student in the exper-
imental and control Mth 110 groups completed the "Student Opinion 
Booklet" described by T. Husen in International Study of 
!9hievement: A Comparison of Twelve Countries (12). Associate 
I 
I 
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editors of the two volume report include Benjamin Bloom and 
Maurice Hartung. The "Student Opinion Booklet" is a 65 item 
. instrument whose measures include two descriptive scales and 
five attitude scales. These scales are as follows: 
I. Descriptive Scales 
A. views about mathematics teaching 
B. views about school learning 
II. Attitude Scales 
A. towards mathematics as a process 
B. about difficulties in learning mathematics 
c. place of mathematics in society 
D. towards school learning 
E. towards man and his environment 
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The total sets of responses for the experimental and control 
groups were considered to test Hypothesis IIIA regarding initial 
attitude. Response distributions were compiled and printed by 
an IBM 370 computer for each item. Each positive response was 
awarded two points, each negative response no points, and each 
neutral response one point (12). Point totals were computed for 
each item and divided by the total number of possible points to 
obtain a per cent score for each item for both groups. A two 
sample t-test was used to test each of the descriptive and 
attitudinal scales. 
Two of the Mth 110 experimental sections were chosen at 
random. The "Student Opinion Booklet" was completed by these 
subjects after they finished Mth 110. This data were used to 
test Hypothesis IIIB. All seven scales were considered. 
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one of the Mth 110 control sections was chosen at random, 
and the same procedures were employed. This data were used to 
test Hypothesis IIIC. 
Scores of students who did not complete the "Student Opinion 
Booklet" twice were disregarded in each case. Scores were 
computed for each item on the pretest and post-test. Sandler's 
A-statistic (lJ) with an alpha level of .05 was used to test each 
descriptive and attitudinal scale. 
The sections that were not randomly chosen to complete the 
"Student Opinion Booklet" at the end of .Mth 110 did so at the end 
of Mth 114. Hypotheses IIID and IIIE were tested by using the 
scores of individuals who took both a pretest and a post-test. 
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gypothesis IA 
CHAPTER IV 
RESULTS OF THE STUDY 
Statistical Results 
Hypothesis IA states that no significant difference exists 
between the experimental and control Mth 110 groups as measured 
by scores on the pretest. 
Two sample t-tests were run to determine if the experimental 
(autoinstructional) and control (lecture-discussion) Mth 110 
groups were equivalent. When scores of all of the students who 
took the pretest were considered, the following results were 
obtained. 
N 
x 
s 
Control Group 
SJ 
32.95 
7.02 
Experimental Group 
109 
J4.12 
5.35 
The difference be~Neen means was 1.17 and a t value of 1.Jl 
with 190 degrees of freedom was obtained. With o<.= .05, at 
value of 1.96 is needed to reject the null hypothesis that the 
two samples were drawn from populations with equal means. The 
null hypothesis was accepted. The availability of an alternate 
form of instruction caused no significant difference in the groups 
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respect to the cognitive pretest scores. 
The two sample t-test run to determine if the experimental 
8-rid control Mth 110 groups were equivalent based on the pretest 
scores of the students who took the Mth 110 post-test yielded 
these results. 
N 
x 
s 
Control Group Experimental Group 
67 
JJ.87 
6.JO 
85 
J4.66 
5.15 
The difference between means was .79 and a t value of .85 
ith 150 degrees of freedom was obtained. With o(= .05, at 
value of 1.98 is needed to reject the null hypothesis that the 
two samples were drawn from populations with equal means. The 
ull hypothesis was accepted. No significant difference existed 
in the pretest scores of the subjects who completed the Mth 110 
course. 
Hypothesis IA was accepted on the basis of these two tests. 
H nothesis IB 
Hypothesis IB states that no significant difference exists 
between the experimental and control Mth 114 groups as measured 
by their Mth 110 post-test scores. 
The two sample t~test run to determine if the experimental 
and control Mth 114 groups were equivalent based on their Mth 110 
final examination scores yielded the following results. 
N 
x 
s 
Control Group Experimental Group 
53 
59.05 
15.50 
64 
69.14 
11.27. 
The difference between the means was 10.08 and a t value 
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of 4.06 with 115 degrees of freedom was obtained. Witho( = .05, 
at value of 1.98:is needed to reject the null hypothesis that 
the two samples were drawn from populations with equal means. 
The null hypothesis was rejected. The pretest scores of the 
Mth 114 experimental group were significantly higher than those 
of the control group. 
The two sample t-test run to determine if the experimental 
and control Mth 114 groups were initially equivalent based on the 
students who took the Mth 114 final examination yielded the 
following results. 
Control Group Experimental Group 
N 48 51 
x 62.40 70.16 
s 11.81 10.94 
The difference between means was 7.76 and a t value of J. 39 
with 97 degrees of freedom was obtained. With o( = .05, a t value 
of 1.99 is needed to reject the null hypothesis that the two 
samples were drawn from populations with equal means. The null 
hypothesis was rejected. A significant difference in the pretest 
scores of the subjects who completed Mth 114 existed. 
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Hypothesis IB was rejected on the basis of these two tests. 
!:U'Pothesis IC 
Hypothesis IC states that no significant difference exists 
between the filth 110 experimental group and the general. Mth 110 
course population as measured by scores on the pretest. 
A two sample t-test was run on the random sample data and 
the Mth 110 experimental group pretest scores to determine if 
experimental group was typical of the course population. The 
following results were obtained. 
N 
x 
s 
Random Sample Experimental Group 
53 
JJ.00 
5.11 
109 
J4.12 
5.J5 
the 
The difference between means was 1.11 and a t value of 1.26 
with 160 degrees of freedom was obtained. With o(= .05, a: t value 
of 1.98 is needed to reject the null hypothesis. Hypothesis IC 
was accepted on the basis of this test. The experimental group 
pretest scores were not significantly different from those of the 
general course population. The mean pretest score for the sample 
fell between the pretest mean scores of the experimental and 
control groups. This leads to the conclusion that both the 
experimental and control groups were not significantly different 
from the general course population, 
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tlYPothesis ID 
Hypothesis ID states that no significant difference in 
achievement exists between the Mth 110 experimental and control 
groups as measured by the post-test. 
A two sample t-test was run on the Mth 110 final examination 
scores to determine if a significant difference existed on the 
post-test. The following results were obtained. 
N 
x 
s 
Control Group Experimental Group 
77 
58.40 
15.91 
95 
62.40 
15.75 
The difference between means was 4.oo and a t value of 1.64 
with 170 degrees of freedom was obtained. Withol = .05, a t value 
of 1.98 is needed to reject the null hypothesis that there is no 
difference on the post-test. The null hypothesis was accepted. 
No significant difference exists on the post-test scores of the 
two groups in Mth 110. 
Hypothesis IE 
The analysis of covariance (lh performed to test whether any 
significant difference existed in the Mth 114 final examination 
scores, was used to accoumt for the significant difference in the 
pretest scores. The following results were obtained from the 
computer printout. 
--
control Group, N 
corrected Values 
ix? = 6557,48 
£.xy = 6001, Jl 
i.y2 = 1JJ6J.81 
= 48 
Experimental Group, N 
Corrected Values 
tx.2 = 5984.75 
£.xy = 5596.75 
iy2 = 16458.75 
= 51.~ 
Uncorrected Values 
~x = 2995 
f.x2 = 193433 
~ y = 2571 
~Y2 = 151073 
~XY = 166421 
Uncorrected Values 
t:x = 3578 
~x2 = 257006 
£Y = Jl19 
<Y2 = 207207 
~XY = 224416 
Control Group, Deviations from Regression 
df = 46 
£d2 = 7871.50 
Mean Square = 171.12 
Regression Coefficient = ,92 
Experimental Group, Deviations from Regression 
df = 49 
£ct2 = 11224,85 
Mean Square = 229,08 
Regression Coefficient = ,935 
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Deviations from Regression (Within) 
df :: 95 
£ct2 = 19096.34 
Mean Square = 201.01 
Deviations from Regression (Regression Coefficient) 
df :: 1 
t.ct2 = 1.25 
Mean Square = 1.25 
Deviations from Regression (Common) 
df = 96 
fd2 = 19097.59 
Mean Square = 198.93 
Regression Coefficient = .925 
Deviations from Regression (Adjusted Means) 
df = 1 
i.ct2 = J 85 
• 
Mean Square = J.85 
Deviations from Regression (Total) 
df = 97 
t.ct2 = 19101.44 
F = .02 For difference between adjusted means. 
An F value of .02 was obtained with 1 and 97 degrees of 
freedom. Witho(= .05, an F value of J.94 is needed to reject 
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i null hypothesis that there is no difference on the Mth 114 
. . tl'le 
st-test. The null hypothesis was accepted. 
po 
~ 
Hypothesis IF states that student achievement in the 
Perimental Mth 110 group is not related to attendance at the ex 
required weekly class meeting. 
A Pearson r correlation and z scores were run on the 
compucorp computer using Mth 110 final examination scores and num-
ber of required Mth 110 weekly classes attended as paired scores 
(x,Y), respectively. The following results were obtained. 
x = 62.40 y = 5.01 N = 95 
Standard Deviation of x = 15.75 
Standard Deviation of y = 1.39 
r = .02 
z = .21 
With d... = .05, a z score of 1.96 is needed to reject the null 
hypothesis. Since .21~ 1.96, H0 was accepted. No significant 
correlation exists between class attendance and performance on 
the post-test in Mth 110. 
Similar computations were performed for Hypotheses IG to IM. 
Hypoth_esis IG 
Hypothesis IG states that student achievement in the 
experimental Mth 114 group is not related to attendance at the 
weekly class meeting. 
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filth 114 final examination scores and the number of required 
~th 114 weekly classes attended were used as paired scores (X,Y), 
respectively. The following results were obtained. 
X = 60.36 Y = 7.64 N = 56 
Standard Deviation of X = 18.75 
Standard Deviation of Y = 2.32 
r = .05 
z = .37 
Since .37 ~ 1.96, H0 was accepted. No significant 
corre~ation existed between class attendance and performance on 
the post-test in Mth 114, 
Hypothesis IH 
Hypothesis IH states that student achievement in the 
experimental Mth 110 group is not related to interview attendance. 
Mth 110 final examination scores and the number of interviews 
attended were used as paired scores (X,Y), respectively. The 
following results were obtained, 
X = 62.40 Y = 4.26 N = 95 
Standard Deviation of X = 15,75 
Standard Deviation of Y = 1,18 
r = .09 
z = .93 
Since ,93 ~ 1.96, H0 was accepted, No significant 
correlation existed between interview attendance and performance 
on the post-test in Mth 110. 
I 
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~thesis I-I 
Hypothesis I-I states that student achievement in the 
experimental Mth 114 group is not related to interview attendance. 
filth 114 final examination scores and the number of interviews 
attended were used as paired scores (X,Y), respectively. The 
following results were obtained. 
x = 60.36 y = 6.71 
Standard Deviation of X = 18.75 
Standard Deviation of Y = 2.65 
r = .2J 
z = 1. 72 
N = 56 
Since 1.72 < 1.96, H0 was accepted. No significant 
correlation existed between interview attendance and performance 
on the post-test in Mth 114. 
Hypothesis IJ 
Hypothesis IJ states that student achievement in the 
experimental Mth 110 group is not related to the use of 
autoinstructional devices. 
Mth 110 final examination scores and the number of learning 
resources transactions were used as paired scores (X,Y), 
respectively. The following results were obtained. 
X = 62.40 Y = 12.44 N = 95 
Standard Deviation of X = 15.75 
Standard Deviation of Y = 5.67 
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r = .22 
z = 2 .10 
Since 2.10> 1.96, H0 was rejected. A significant correlation 
existed between the number of learning resources used and per-
formance on the post-test in Mth 110. 
!!YPothesis IK 
Hypothesis IK states that student achievement in the 
experimental Mth 114 group is not related to the use of 
autoinstructional devices. 
Mth 114 final examination scores and the number of learning 
resources transactions were used as paired scores (X,Y), 
respectively. The following results were obtained. 
x = 60.36 y = 19.77 
Standard Deviation of X = 18.75 
Standard Deviation of Y = 7.49 
r = .12 
z = .87 
N = 56 
Since .87~ 1.96, H0 was accepted. No significant correlation 
existed between the number of learning resources used and per-
formance on the post-test in Mth 114. 
Hypothesis IL 
Hypothesis IL states that student achievement in the 
experimental Mth 110 group is not related to the satisfactory 
completion of written assignments. 
8a 
Mth 11a final examination scores and the number of homework 
points earned were used as paired scores (X,Y), respectively. 
The following results were obtained. 
x = 62.4a y ::: 7.01 
Standard Deviation of X = 15.75 
Standard Deviation of Y = J.14 
r = .19 
z = 1.84 
N = 95 
Since 1.84 ~ 1.96, Ha was accepted. No significant 
correlation existed between the number of homework points earned 
and performance on the pos.-t-test in Mth lla. 
Hynothesis IM 
Hypothesis IM states that student achievement in the 
experimental Mth 114 group is not related to the satisfactory 
completion of written assignments. 
Mth 114 final examination scores and the number of homework 
points earned were used as paired scores (X,Y), respectively. 
The following results were obtained. 
x ::: 6a.J6 y = 11.66 
Standard Deviation of X = 18.75 
Standard Deviation of Y = 5.19 
r = .29 
z = 2 .12 
N = 56 
Since 2.12 > 1.96, Ha was rejected. A significant correla-
tion existed between the number of homework points earned and 
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performance on the post-test in Mth 114. 
H othesis IIA 
Hypothesis IIA states that no significant difference in 
attrition exists between the Mth 110 experimental and control 
groups. 
Attrition was operationally defined to be the students who 
took the first test but did not take the final examination. A 
hi-square test was used to test this Mth 110 attrition 
ypothesis. Since df = 1, the corrected formula was employed (2). 
/12 = ~ i_ ( \f0 - f 8 l - .5) 2 . 
·~ r=l r=l f
8 
The scores were as follows. 
Finished Did Not Finish Totals 
Experimental Group 95 (98) 24 (21) 119 
Control Group -1.1.. (74) 12 (15) _§2 
Totals 172 J6 208 
1.. 2 = • 863 
The observed frequencies are shown without parentheses; 
xpected frequencies are in parentheses. 
A chi-square value of J.84 is required to reject H0 with 
o( = .05 •. H0 was accepted. No signiffcant difference in 
ttrition existed between the Mth 110 groups. The same 
efinition of attrition and procedure were used in testing the 
following hypothesis. 
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WLPothesis IIB 
Hypothesis IIB states that no significant difference in 
attrition exists between the lVith 114 experimental and control 
groups. 
The scores used to test the Mth 114 attrition hypothesis 
were as follows. 
Finished Did Not Finish Totals 
Experimental Group 56 (59) 16 (lJ) 72 
Control Group ....21 (58) -2. (12) _ZQ. 
Totals 117 25 142 
Y-2 = 1.22 
Since 1.22 < 3 .84, H0 was accepted. No significant 
difference in attrition existed between the Mth 114 groups. 
Additional Observation 
It was observed that the proportions of males and females in 
the experimental groups were not equal. Yule's Q (J) was 
calculated to determine if any correlation exists between sex of 
subjects and attrition. The total enrollment for the Mth 110 
experimental and control groups was considered. All students 
taking the final examination were considered to have finished. 
Male 
Female 
Q = .204 
· Finished Did Not Finish 
104 
68 
37 
16 
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Davis (3) states that Q values in the +.10 to +.29 range 
indicate a low positive association. The experimental group had 
an initial disadvantage regarding attrition, since it contained 
a greater proportion of male subjects. 
ID'.'nothesis IIIA 
Hypothesis IIIA states that there is no significant 
difference in the initial attitudes of the Mth 110 experimental 
and control groups. 
Two sample t-tests run to determine if the experimental 
and control Mth 110 groups were initially equivalent in attitude 
yielded these results. 
Descriptive Scale IA--Views about Mathematics Teaching 
Control Group Experimental Group 
N 
x 
s 
12 
54.33 
23.24 
12 
50.83 
21.41 
The difference between means was 3.50 and a t value of .38J 
with 22 degrees of. freedom was obtained. i'iith o(. = .05, at value 
of 2.07 is needed to reject H0 • No significant difference 
existed on this scale. 
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Descriptive Scale IB--Views about School Learning 
Control Group Experimental Group 
N 10 10 
x 51.70 45.10 
s 21.24 16.70 
The difference between means was 6.60 and a t Yalue of .772 
with 18 degrees of freedom was obtained. With o( = • 05, a t 
value of 2.10 is needed to reject H0• No significant difference 
existed on this scale. 
Attitude Scale IIA--Towards Mathematics as a Process 
N 
x 
s 
Control Group Experimental Group 
7 
41.4J 
12.12 
7 
41.4J 
17.67 
The difference between means was 0.00 and a t value of 0.00 
with 12 degrees of freedom was obtained. No significant 
difference existed on this scale. 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
Control Group Experimental Group 
N 7 7 
x 74.oo 76.71 
s 15.12 16.94 
The difference between means was 2.71 and a t value of .J16 
with 12 degrees of freedom was obtained. With o( = • 05, a t 
I. 
I 
, 'I 
I 
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~aiue of 2.18 is needed to reject H0 • No significant difference 
existed on this scale. 
Attitude Scale IIC--Place of Mathematics in Society 
Control Group Experimental Group 
N 
x 
s 
8 
55.88 
18.0l 
8 
61.63 
15.93 
The difference between means was 5.75 and a t value of .676 
with 14 degrees of freedom was obtained. With o{ = .05,.a t 
value of 2.15 is needed to reject H0 • No significant difference 
existed on this scale. 
Attitude Scale IID--Towards School Learning 
N 
x 
s 
Control Group Experimental Group 
12 
60.50 
27.22 
12 
62.17 
26.55 
The difference between means was 1.67 and a t value of .151 
with 22 degrees of freedom was obtained. With o(_ = .05, a t value 
of 2.07 is needed to reject H0 • No significant difference 
existed on this scale. 
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Attitude Scale IIE--Towards Man and His Environment 
Control Group Experimental Group 
N 9 9 
x 61.67 61.89 
s 13.62 12.74 
The difference between means was .222 and a t value of .OJ5 
with 16 degrees of freedom was obtained. With oc = .05, at 
value of 2.12 is needed to reject H0 • No significant difference 
existed on this scale. 
Hypothesis IIIA was accepted on the basis of these seven 
tests. 
Hypothesis IIIB 
Hypothesis IIIB states that there is no significant differ-
ence in the attitudes of the experimental group before and after 
receiving instruction in Mth 110. 
Sandler's A-statistic (2), used to test the sub-hypotheses, 
was computed on each of the seven scales using the point totals 
for each item on the questionnaire. Data and calculations appear 
in Appendix F. 
A = f D2 
(Z.D)2 
The A-statistic was used also on the seven scales for 
Hypotheses IIIB through IIIE. 
I 
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Descriptive Scale IA--Views about Mathematics Teaching 
A = .273 is needed to reject H0 with o( = .05 and 11 degrees 
of freedom. A = .220 was calculated. Since .220 < .273, H0 was 
rejected. The experimental group Mth 110 subjects scored 
significantly higher on the po.st-test than they did on the pre-
test. This indicates a significant improvement in their view of 
how mathematics is taught to them. 
Descriptive Scale IB--Views about School Learning 
A= .276 is needed to reject H0 witho<. ~ .05 and 9 degrees 
of freedom. A = .141 was calculated. Since .141 < .276, H0 was 
rejected. The experimental group M~h 110 subjects scored 
significantly better on the post-test than they did on the pre-
test. This indicates a significant improvement in their view of 
learning activities and the general learning environment. 
Attitude Scale IIA--Towards Mathematics as a Process 
A = .286 is needed to reject H0 with~= .05 and 6 degrees 
of freedom. A = ,234 was calculated. Since .2J4 < .286, H0 was 
rejected. The experimental group Mth 110 subjects scored 
significantly worse on the post-test, as indicated in Appendix F. 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
A = .286 is needed to reject H0 with o( = .05 and 6 degrees 
of freedom. Since .681 > .286, H0 was accepted, 
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Attitude Scale IIC--Place of Mathematics in Society 
A = .281 is needed to reject H with <X = .05 and 
0 
7 degrees 
, of freedom. 
accepted. 
A = .314 was calculated. Since .314 > .281, H0 was 
Attitude Scale IID--Towards School Learning 
>. 
A = .273 is needed to reject H0 with o< = .05 and 11 degrees 
'of freedom. A= .529 was calculated. Since .529 > .273, H0 was 
·accepted. 
Hypothesis IIIB was accepted on the basis of these tests. 
scores on one attitude scale showed a significant difference 
between pretest and post-test at the .05 level. This could 
have happened by chance. Scores on the other attitude scales did 
not change significantly. The scores on the descriptive scales 
showed significant improvement. This indicates responses 
corresponding to an improved school environment in mathematics. 
Hypothesis IIIC 
Hypothesis IIIC states that there is no significant 
difference in the attitudes of the control group before and after 
receiving instruction in Mth 110. 
Descriptive Scale IA--Views about Mathematics Teaching 
A = .273 is needed to reject H0 with o( = .05 and 11 degrees 
of freedom. A = .419 was calculated. Since .419 > .27J, H0 was 
accepted. 
Descriptive Scale IB--Views about School Learning 
A= .276 is needed to reject H0 with o<. = .05 and 9 degrees 
freedom. A= 4.J8 was calculated. Since 4.J8 /.276, H0 was 
Attitude Scale IIA--Towards Mathematics as a Process 
A= .286 is needed to reject H0 withO( = .05 and 6 degrees 
of freedom. A = 1.16 was calculated. Since 1.16 > .286, H0 was 
accepted. 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
A= .286 is needed to reject H0 with o<.= .05 and 6 degrees 
of freedom. A = .687 was calculated. Since .687> .286, H0 was 
accepted. 
Attitude Scale IIC--Place of Mathematics in Society 
A= .281 is needed to reject H0 with o( = .05 and 7 degrees 
of freedom. A= .714 was calculated. Since .714>.281, H0 was 
accepted. 
Attitude Scale IID--Towards School Learning 
A= .273 is needed to reject H0 with o( = .05 and 11 degrees 
of freedom. A = 5.00 was calculated. Since 5.00 7.273, H0 was 
accepted. 
Attitude Scale IIE--Towards Man and His Environment 
A = .278 is needed to reject H0 with o( = .05 and 8 degrees 
of freedom. A = .JJ9 was calculated. Since .JJ9 >.278, H0 was 
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accepted. 
Hypothesis IIIC was accepted on the basis of these tests. 
only significant change noted qccurred on.a descriptive 
No significant change occurred on any othe:' attitude 
Hypothesis IIID 
Hypothesis IIID states that there is no significant 
difference in the attitudes of the experimental group before 
and after receiving instruction in Mth 110 and Mth 114. 
Descriptive Scale IA--Views about Mathematics Teaching 
A= .273 is needed to reject H0 with O'\ = .05 and 11 degrees 
freedom. A = .845 was calculated. Since .845 > .273, H0 was 
accepted. 
Descriptive Scale IB--Views about School Learning 
A= .276 is needed to reject H0 with o( = .05 and 9 degrees 
freedom. A = .122 was calculated. Since .122 L.. .276, H0 was 
rejected. The experimental group of Mth 114 subjects scored 
significantly better on the post-test, indicating significant 
improvement in the students' views about their learning 
environment, as indicated in Appendix F. 
'ttitude Scale IIA--Towards Mathematics as a Process 
A = .286 is needed to reject H0 with ti(.= .05 and 6 degrees 
of freedom. A = 5. 08 was calculated. Since 5. 08 7 • 286, H0 was 
, 
I 
ii 
; I I 
91 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
A = .286 is needed to reject H0 with ~ = .05 and 6 degrees 
of freedom. A = .324 was calculated. Since .324> .286, H0 was 
. accepted. 
!Attitude Scale IIC--Place of Mathematics in Society 
A= .286 is needed to reject H0 with <X= .05 and 6 degrees 
of freedom. A = .286 was calculated. Since .286 = .286, H0 was 
rejected. The experimental group of Mth 114 subjects scored 
significantly worse on the post-test. 
Attitude Scale IID--Towards School Learning 
A = .273 is needed to reject H0 with o<. = .05 and 11 degr~es 
of freedom. A = .646 was calculated. Since .646 > .273, H0 was 
accepted. 
Attitude Scale IIE--Towards Man and His Environment 
A = .278 -is needed to reject H0 with o<. = .05 and 8 degrees 
of freedom. A = .980 was calculated. Since .980 >.278, H0 was 
accepted. 
Hypothesis IIID was accepted on the basis of these tests. 
Significant negative change was noted on only one of the five 
attitude scales at the .05 level. This could have happened by 
chance. Scores on the descriptive scales showed significant 
Positive change on one scale and no significant change on the 
other. No general trend in attitude change was noted • 
.!iYPothesis IIIE 
Hypothesis IIIE states that there is no significant 
difference in the attitudes of the control group before and 
after receiving instruction in Mth 110 and Mth 114. 
escriptive Scale IA--Views about Mathematics Teaching 
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A = .273 is needed to reject H0 with ci<. = .05 and 11 degrees 
of freedom. A = .358 was calculated. Since .327 > .273, H0 was 
accepted. 
escriptive Scale IB--Views about School Learning 
A = .276 is needed to reject H0 with<>(= .05 and 9 degrees 
of freedom. A = J .17 was calculated. Since 3 .17 > . 276, H0 was 
ccepted. 
ttitude Scale IIA--Towards Mathematics as a Process 
A = .286 is needed to reject H0 with o<. = • 05 and 6 degrees 
f freedom. A= .376 was calculated. Since .376>.286, H0 was 
ccepted. 
ttitude Scale IIB--About Difficulties in Learning Mathematics 
A= .286 is needed to reject H0 with o\.= .05 and 6 degrees 
f freedom. A= 17.2 was calculated. Since 17.2 >.286, H0 was 
ccepted. 
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Attitude Scale IIC--Place of Mathematics in Society 
A = .281 is needed to reject Ha with Cl(= .a5 and 7 degrees 
of freedom. A = 173 was calculated. Since 173 > .281, Ha was 
accepted. 
Attitude Scale IID--Towards School Learning 
A = .273 is needed to reject H0 with o( = .05 and 11 degrees 
of freedom. A = .199 was calculated. Since .199 < .273, H0 was 
rejected. The control group of Mth 114 subjects scored signifi-
cantly better on the post-test. 
Attitude Scale IIE--Towards Man and His Environment 
A= .278 is needed to reject H0 witho<. = .05 and 8 degrees 
of freedom. A = 61 was calculated. Since 61 > .278, H0 was 
accepted. 
Hypothesis IIIE was accepted on the basis of these tests. 
Significant positive change was noted on only one of the five 
attitude scales. No general trend in attitude change was noted. 
No significant change was noted on the descriptive scales. The 
following two tables summarize the preceding information about 
the hypotheses. 
- 94 
TABLE 8 
SUMMARY OF ACHIEVE~IENT AND ATTRITION HYPOTHESES 
,_ Hypothesis Statistic Critical Action 
Computed Value 
,_ 
IA t = 1.31 1.96 Accept 
t = .85 1.98 Accept 
IB t = 4.o6 1.98 Reject 
t = 3.39 1.99 Reject 
IC t = 1.26 1.98 Accept 
ID t = 1.6~ 1.98 Accept 
IE F = .02 3.94 Accept 
IF z = .21 1.96 Accept 
IG z = .37 1.96 Accept 
IH z = .93 1.96 Accept 
I-I z = 1. 72 1.96 Accept 
IJ z = 2.10 1.96 Reject 
IK z = .87 1.96 Accept 
IL z = 1.84 1.96 Accept 
IM z = 2.12 1.96 Reject 
IIA 1'.2= .863 J.84 Accept 
IIB --x_2= 1.22 J.84 Accept 
~ 
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TABLE 9 
SUMMARY OF DESCRIPTIVE AND ATTITUDE TESTS 
-
- Statistic Critical Action on Hypothesis Scale 
Computed Value Sub-hypothesis 
IIIA IA t = .383 2.07 Accept 
IB t = • 772 2.10 Accept 
IIA t = o.oo 2.18 Accept 
IIB t = .J16 2.18 Accept 
IIC t .... .676 2.15 Accept 
IID t = .151 2.07 Accept 
IIE t = .035 2.12 Accept 
Hypothesis IIIA was accepted. 
IIIB IA A ... ~ .220 :~2r3 Reject 
IB A = .141 .276 Reject 
IIA A = .234 .286 Reject 
IIB A = .681 .286 Accept 
IIC A = .314 .281 Accept 
IID A = .529 .273 Accept 
IIE A = .799 .278 Accept 
Hypothesis IIIB was accepted. 
IIIC IA A = .419 .273 Accept I 
IB A = 4.38 .276 Accept I I 
IIA A = 1.16 .286 Accept 
IIB A = .687 .286 Accept I, 
IIC A = .714 .281 Accept 
I IID A = 5.00 .273 Accept 
IIE A = .3J9 .278 Accept 11 
Hypothesis IIIC was accepted. I 
11 I 
:1 
ti,:'· ii 
I 
. 
' 
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TABLE 9--Continued 
1-
Hypothesis Scale Statistic Critical Action on 
Computed Value Sub-hypothesis 
,_ 
IIID IA A = .845 .273 Accept 
IB A = .122 .276 Reject 
IIA A = 5.08 .286 Accept 
IIB A = .324 .286 Accept 
IIC A = .286 .286 Reject 
IID A = .646 .273 Accept 
IIE A = .980 ,278 Accept 
Hypothesis IIID was accepted. 
IIIE IA A = .J27 .273 Accept 
IB A = 3.17 .276 Accept 
IIA A = .376 .286 Accept 
IIB A = 17.2 .286 Accept 
IIC A = 173 .281 Accept 
IID A = .199 .273 Reject 
IIE A = 61 .278 Accept 
Hypothesis IIIE was accepted. 
Other Findings 
Class Sessions 
The attendance figures for the Mth 110 experimental group 
students who completed the course indicated that these students 
attended an average of 5. 01 class sessions out of a possible six:.: 
The standard deviation of the distribution of scores was 1.39. 
The attendance figures for Mth 114 experimental group 
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students who completed the course indicated that these students 
attended an average of 7.64 class sessions out of a possible 12. 
The standard deviation of the scores was 2.J2. 
These results seem to indicate that the rate of attendance 
tends to drop off in Mth 114 compared to Mth 110. Several 
explanations are possible. Students may feel more pressure in a 
short (six week) course than in a longer (12 week) course. They 
may get fatigued or bored in a longer course, or be more 
capable and feel that they do not need to attend. 
In some cases the small group cooperation that was hoped 
for in the class sessions did not materialize. A significant 
number of people preferred to work alone. The students who did 
work together appeared to benefit from the opportunity to 
verbalize their knowledge of mathematics. In a few instances, 
groups degenerated into socializing and did little mathematics. 
Although the students were encouraged to attend more than 
the one required class session each week, few took advantage of 
the opportunity. This indicates that students strive to do what 
is required and little more. Rare is the student who does more 
than is required. 
By allowing students to use the autoinstructional pre-
sentations at their discretion and having fixed times for class 
meetings, certain problems in sequencing arose. At times, 
students arrived for class without having experienced the 
Presentation. Sometimes they were not even able to make sense 
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of the unit pretest. As this was discovered, the students were 
advised to be ready for work when they came to class. The 
situation improved somewhat but persisted in classes that met 
shortly after a test due date. It is apparent that some of the 
students used the excuse of not having experienced the presenta-
tion to try to get out of class. When this occurred, the student 
was told he was free to go, but the absence would be recorded 
and his right to a retest forfeited. Students almost always 
stayed and were given help in getting started or encouraged to 
work with others. 
The weekly class meeting also was useful in counseling 
students regarding further work in mathematics and other academic 
issues. Questions were freely asked and answered. 
The experience with the weekly class meeting made the team 
members conclude that about 15 to one is the ideal student-teacher 
ratio in such a setting. Beyond that number, the students do not 
receive answers to their questions. The student-teacher ratio 
should not go below ten to one, as teachers are sometimes idle. 
A 15 to one student-teacher ratio was intended in the 
instructional design. 
Interview 
The attendance figures for the Mth 110 experimental group 
students who completed the course indicated that these students 
attended an average of 4.26 interviews out of a possible six. 
The standard deviation of .the distribution of scores was 1.18. 
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The attendance figures for the Mth 114 experimental group 
students who completed the course indicated that these students 
attended an average of 6.71 interviews out of a possible 12. 
The standard deviation of the distribution of scores was 2.65. 
As with the class attendance figures, the rate of attendance 
tends to drop in Mth 114 compared to Mth 110. Again several 
explanations are possible, and the same ones cited for class 
attendance may apply. Another possible reason may be a poorly 
prepared student's desire to avoid detection at the interview. 
All of the students in the autoinstructional sections met for 
class orientation in a large lecture hall on the first day of 
school. Scheduling of interviews was done at that time in 
predetermined time blocks. It worked out very well. 
The individual conducting the interview must be a patient 
person capable of talking to many people in a day. Since each 
student is assigned a five minute time block, elaborate explana-
tions are impossible. The interviewer must be able to avoid such 
explanations and at the same time assess quality and quantity of 
homework, giving prescriptive and general advice. 
As the semester progresses, the interview load declines due 
to attrition and a decreasing attendance rate. As this occurs, 
more time becomes available for each client and for analysis and 
improvement of the instruction system. 
~dia 
The computerized record system revealed that the Mth 110 
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Perimental group students who completed the course experienced ~ . 
average of 12.44 autoinstructional presentations in the ILC. an 
This is somewhat less than the 16 learning experiences required 
for the course. The standard deviation of the distribution was 
5,67. The scores were distributed between a low of zero 
transactions and a high of JO transactions. Very few students 
had more than 20 transactions. 
The Mth 114 experimental group students who completed the 
course scored an average of 19.77 transactions in the ILC. This 
compares well with the 19 learning experiences required for the 
course. The standard deviation of the distribution was 7,49. 
The scores were distributed between a low of four transactions 
and a high of 44 transactions. Very few students had scores 
below 12 transactions. 
The handouts provided for student use with the media seemed 
to work reasonably well by actively engaging them in the 
presentations. 
There was little trouble with loss, theft, or breakage of 
presentation devices. A certain amount of malfunction was 
experienced with the video-tape recorders and the sound on slide 
machines. Of the equipment used, video-tapes were the least 
reliable, and audio cassettes the most reliable. Audio cassettes 
are also far less costly when compared with the other media. 
When choosing media, these considerations should be kept in 
mind. The final decision should be made on the basis of the type 
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iof material to be presented. I'llost material can be presented well 
~ith audio-tapes and handouts. Some material, including teacher 
demonstrations and presentations involving motion, is better 
presented with video-tapes. 
some students suggested that student aides be placed in the 
ILG to answer student questions immediately regarding the media 
presentations. This possibility is being considered. 
Testing 
Some difficulty was experienced with the test deadlines. 
The ILC has J4 seats in its testing area. Shortly before the 
J:OO P.M. deadline on the test due date, many students appeared 
to take their tests. The crowding problem was solved by telling 
the students of each section their tests were due at different 
hours of the due date. 
The technician was placed in charge of determining whether 
students were qualified for a retest. This was the logical 
~ecision, because the technician was in closest contact with the 
students and their records. By having one person in charge, 
students did not use one team member against the others. 
The rate at which retests were taken was somewhat lower than 
~xpected. The Mth 110 experimental group students took only 42 
retests. A poor test score probably resulted from insufficient 
study, which forfeited the retest p~ivilege. The Mth 114 
experimental group students took JO retests. 
The testing situation and media presentations enabled six 
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health science students who were not enrolled to receive credit 
in Mth 110 by examination during the first three weeks of the 
semester. These students needed a review. 
None of the Mth 110 experimental group students finished 
much ahead of schedule. Six of the Mth 114 experimental group 
students finished ahead of schedule. 
Since the students' test papers were not returned•as they 
might be in a classroom testing situation, the usefulness of the 
test as a learning device was somewhat diminished. This problem 
was recognized and a correspondence between test items and course 
objectives was posted in the ILC. Students coming in to check 
their test results could readily determine which of the objectives 
needed work. Some students constructively criticized the tests 
based on the objectives and the learning experiences. A detailed 
set of objectives enabled them to identify inappropriate test 
items. 
At one time, test security was a problem at the ILC. Some 
students had their friends take tests for them. This problem 
was solved by a rather simple procedure. Each student is now 
photographed when he requests his first test. The photograph 
is attached to a test record card and filed. The photograph is 
checked before a test is issued. Instructors can check the card 
file to see that names and faces correspond. This system was in 
effect during the autoinstructional experiment. 
The multiple choice format used most frequently for testing 
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to be satisfactory with the few exceptions noted 
A five choice format was used with "None of these" con-
offered as the fifth choice. A conscious effort was 
to offer answers which correspond to common mistakes. 
rt was discovered that the student's grade on the Mth 110 
final examination was an excellent predictor for his grade on 
114 final examination. A Pearson r of .62J was cal-
between paired scor_es for all students in both groups. 
, The slope of the regression line was • 93. 
At first, students who passed the pretest for a given unit 
were excused from the homework and the media presentation. This 
seemed to encourage a few students to claim they passed a self-
scored unit pretest when they could not have. Later the policy 
was modified, excusing the student from the media presentation 
only. This seemed to work well. 
Students who stopped attending were telephoned. Some of 
the phone calls proved productive. In most cases, however, the 
phone calls did not prevent the student from dropping the course. 
The experimental instructional design allows for continuous 
registration. A MVCC student began Mth 110 in the middle of 
the semester. The student officially enrolled the next semester 
to complete the course. 
The scheduling of the classes seemed successful. All class, 
meetings were scheduled at 10:00 A.M. Students registered for 
I 
11 
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a section that indicated three meetings per week. All sections 
indicated a Monday meeting. On the first Monday of the semester, 
all of the stµdents assembled for orientation. At that time they 
were assigned class meeting days. By having all classes at the 
same hour and scheduling three hours for the course, student 
opportunities to attend more than one class session per week were 
increased. 
student reactions to the system ranged widely from enthusias-
tic endorsement to condemnation. A few students transferred out 
of the system at the end of Mth 110. These were balanced by 
students who transferred into the system at that point. Most 
appreciative of the system were those who suffered illness, a 
change in work schedule, or some other difficulty that would have 
caused a severe problem in a lecture course. These problems were 
handled with no difficulty since no lectures were missed. In 
most cases the students completed the course. 
Conclusions 
Offering an alternate form of instruction had no significant 
effect on the composition of the experimental or control Mth 110 
groups. No significant difference existed between their pretest 
scores. The means for the two groups were not significantly 
different from a sample mean representing the course population, 
since the sample mean fell between the means of the two groups. 
No significant initial difference was found between the two 
groups on any of the two descriptive or five attitudinal scales 
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of the IEA questionnaire. The only difference noted was the 
different proportions of male and female students in each group. 
The control group contained a slightly smaller proportion of 
male students than did the experimental group. 
~ A low positive association existed between male students 
! 
t and attrition. Thus, the control group had a slight initial 
~ advantage with regard to this variable. No significant difference 
f 
in attrition was discovered between the Mth 110 or IVIth 114 
experimental and control groups. 
A significant difference was found in the initial composition 
of the Mth 114 experimental and control groups with respect to 
pretest scores. A difference in policy regarding the awarding 
of letter grades existed between the experimental and control 
groups. The teacher in·charge of the control groups awarded 
letter grades more liberally than the team in charge of the 
experimental groups. This represented a change in grading policy 
since the announced policy was the same for both experimental and 
control groups. Since a "C" grade in Mth 110 is the suggested 
·• 
prerequisite for Mth 114, the significant difference in the 
Mth 114 pretest scores is probably explained. 
It is interesting to note that despite the more liberal 
grading in the control groups, a significantly lower attrition 
rate was not achieved. It is impossible to say whether the lack 
of a significant difference in attrition has a bearing on the 
success of the autoinstructional system. It may be a matter 
relating only grading and attrition and not the instructional 
system. 
No significant difference in achievement existed be~Neen 
the Mth 110 and Mth 114 experimental and control groups, as 
measured by the post-test. 
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Correlation coefficients were computed to determine if a 
relationship existed between student learning activities and 
success on the final examination. Positive correlations existed 
between the final examination score for the Mth 110 experimental 
group and number of class sessions attended, number of weekly 
interviews attended, number of ILC transactions, and quality and 
quantity of homework. The same positive correlations existed 
for the Mth 114 experimental group. 
When these correlation coefficients were tested, only two 
of them were significant at the .05 level. These were the 
relationships between the Mth 110 final examination scores and 
the number of ILC transactions and between the Mth 114 final 
examination scores and homework. 
After receiving instruction·, the Mth 110 experimental group 
scored significantly better on· the two descriptive scales 
measuring views about mathematics teaching and school learning 
and scored significantly worse on one scale measuring attitude 
towards mathematics as a process. The Mth 110 control group 
showed no significant change on any of the descriptive or 
attitudinal scales after instruction. 
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After instruction in Mth 110 and flith 114, the Mth 114 
experimental group scored significantly better on the descriptive 
scale measuring views about school learning and scored signifi-
cantly worse on the scale measuring attitude toward the place of 
mathematics in society. The Mth 114 control group scored 
significantly better on the scale measuring attitude towards 
school learning and showed no significant change on any of the 
other scales. 
A high positive relationship was discovered between the 
score achieved on the Mth 110 final examination and the score 
achieved on the Mth 114 final examination. The Mth 110 final 
examination score appears to be a good predictor of success in 
Mth 114. 
Quantitatively, the autoinstructional system was at least 
as good as the lecture-discussion method. Qualitatively, it 
was superior since it afforded flexibility not found in the 
lecture-discussion method. 
I I. 
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CHAPTER V 
IMPLICATIONS OF THE STUDY 
Other Areas of Instruction 
Since the experiment indicated that the autoinstructional 
system was at least as effective as conventional lecture-
discussion techniques, possibilities for and limitations of 
autoinstruction should be considered. One of the initial assump-
tions that led to the development of the autoinstructional system 
was that different people prefer different methods of instruction. 
This assumption was confirmed by the diveristy of student reaction 
to the system. Apparently different students need different 
types of instruction. Since the community college is philosoph-
ically committed to meeting the needs of its students (1), 
expending effort to develop, expand, and improve autoinstructional 
methods is strongly suggested. Administrative commitment and 
allocation of resources are necessary for implementation. 
Two important considerations regarding the expansion of 
autoinstructional methods result .from this study: 
1. application to the teaching of other mathematics 
courses; 
2. applications to the teaching of courses in other 
areas of study. 
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~ Mathematics Courses 
rt is generally thought that autoinstructional methods are 
effective for the teaching of elementary college mathematics 
courses. Recently, two audio-tutorial instructional systems have 
appeared on the market (2, J), which use cassette recordings to 
present information. One is for teaching algebra and the other 
for a liberal arts (general education) mathematics course, Both 
use the audio recordings as supplementary teaching devices rather 
than as the main form of dissemination. 
Generally, a great deal is being written about the mathemat-
ics laboratory for all levels of education. Very little knowledge 
concerning the effectiveness of laboratory methods for teaching 
college mathematics exists. 
Few college mathematics instructional systems have been based 
on measurable objectives and then evaluated. Use, rather than 
onuse, of measurable objectives provides a truer estimate of 
instructional effectiveness, A trend toward stating behavioral 
objectives may be seen in the appearance of textbooks containing 
them ( 4, 5 , 6 ) • 
Stein (7) states that the two-year colleges frankly and 
clearly acknowledge the problem of the student who takes 
athematics as a requirement. Much innovative work takes 
Place in the two-year colleges to help this large percentage 
of students who have little mathematical knowledge. 
Efforts to implement instructional innovations are usually 
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directed towards them rather than other groups. Thus, more 
knowledge is available about autoinstructional methods for 
introductory mathematics courses than for higher level mathematics 
courses. 
In trying to resolve the problem of applicability, use of 
autoinstructional methods in the mathematics courses currently 
offered at Moraine Valley Community College was considered. A 
developmental arithmetic course is the only course offered at 
MVCC below the level of the two courses considered in this 
experiment. The autoinstructional method would probably be a 
viable alternate form of instruction for arithmetic, since most 
of the learning is at the lower leyels of the cognitive domain 
(8). An expository approach is customary. Personal counseling 
and much needed positive reinforcement could be provided with 
autoinstruction. Students with a history of mathematics learning 
problems may participate with mediated presentations without the 
social embarrassment which may be found in the classroom. 
A variety of other mathematics mini-courses are offered at 
~WCC at a level of difficulty similar to beginning algebra. Some 
of these courses could be readily taught by the autoinstructional 
method under consideration. Such courses are Elementary Prob-
ability, Elementary Statistics, and Slide Rule. They require 
relatively low level cognitive learning and, in addition, the 
Slide rule requires physical manipulation. The probability and 
statistics course could probably be taught using audio-tapes, 
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video-tapes, or sound on slide presentations with little 
difference in results. The slide rule course could probably best 
be taught using video-tapes, since it requires physical manipula-
tion. It should be noted that these courses are usually taught 
bY expository methods, because many definitions must be presented. 
It is very difficult to discover a definition, so expository 
teaching is more efficient and less time consuming (9). 
A course that would be difficult to teach by the autoinstruc-
tional method is Informal Logic. The objectives of this course 
require that the student formulates and defends strategies for 
problem solving. A wide variety of problems, supplied by both 
teacher and students, are considered in class brain storming 
sessions. Problems considered are common and require little 
special knowledge. Thus, behaviors desired in the objectives are 
probably best achieved by the group discovery method and its 
spontaneity. It should be noted that the cognitive behaviors de-
sired in this course exist at the upper levels of Bloom's 
taxonomy. To formulate a solution requires analysis and synthesis 
hile defending it requires evaluation (8). 
The autoinstructional method may be used successfully for 
the teaching of college algebra and trigonometry. These courses 
re of comparable difficulty to those considered in the 
experiment. The possibilities for teaching analytic geometry and 
calculus by this method or any other autoinstructional method are 
largely undetermined since little research is available. 
Non-Mathematics Courses 
:.;.---
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It is reasonable to expect that the two following basic prin-
ciples apply to both mathematics and non-mathematics courses: 1) 
generally most courses that can be taught by the expository method 
requiring the acquisition of lower level cognitive skilLs can be 
taught by the autoinstructional method; and 2) courses must allow 
the students to practice the desired behavior (10). 
If an autoinstructional approach is to be used in teaching 
a science course, provision for laboratory work may be necessary. 
If course objectives indicate that the student is to learn.'. to use 
the laboratory and its equipment, practice is certainly necessary. 
Dissemination of information via autoinstructional methods may 
include factual course material, as well as orientation informa-
tion regarding the use of laboratory equipment. 
Social science students may have learning experiences by the 
autoinstructional method that might not be possible otherwise~ 
They may view repeatedly events of social or historic impact 
which were video-taped as they happened. 
Humanities students may be introduced to works of art 
through autoinstructional presentations. Music and ideas about 
music may be similarly presented. A learning center or 
laboratory transaction may include art reproductions with 
corresponding cassette recordings and handouts. Prose and poetry 
readings may be used on an individual basis with autoinstructional 
Pres en ta tions. 
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Limitations of autoinstructional methods are apparent for 
students of literature, since the major emphasis is on reading 
and discussion. An exception is the talking books for the blind. 
In other cases, autoinstructional methods may not be very 
useful. Even though some information on writing might be pre-
sented via autoinstruction, the major emphasis should be on 
practice with subsequent evaluation. Students in speech classes 
may be video-taped to study their speaking habits. Such tapings 
would be helpful to the individuals but would not normally be 
needed in a library of mediated devices. 
The autoinstructional method may not be very helpful in 
teaching art. While it may function well to present certain 
information regarding the use of art materials, it does not 
substitute for the student actively working on projects. The 
autoinstructional method may provide for greater group diversity 
and individual uniqueness in projects by allowing each student a 
choice in the orientation he is to receive. Class time may be 
saved, and more time may be devoted to the projects. 
The language laboratory can be considered an early auto-
instructional use. By listening to recordings and learning to 
pronounce words, the student is engaged in an experience closely 
related to the instruction described in this paper. The 
relationship is determined by availability of the instruction and 
the person controlling the presentation. 
The autoinstructional method has many possible applications 
'i 
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in business courses, such as shorthand, office procedures, 
marketing, salesmanship, retailing, and accounting. Skills may 
. be introduced via autoinstructional methods in occupational 
courses, such as nursing, pharmacology, welding, and electronics. 
Autoinstructional methods are used to teach parts of 
physical education courses at Moraine Valley Community College. 
tudents in cycling classes are taught the basic parts of the 
bicycle with a sound on slide presentation in the ILC. Students 
in tennis classes come to the ILC to see a tennis game on 
video-tape. 
Community College Movement 
Many different methods should be explored by the community 
colleges in their efforts to improve instruction. Autoinstruc-
tional systems offer many possibilities for efficient and effec-
tive teaching. Some of the potentialities of these·systems are 
apparent, but many are probably yet to be discovered. 
At many community colleges, sections of scheduled courses 
are canceled each semester because the enrollment is low. This 
eans that the students enrolled must find another section of 
same course or not take it at all that term. Often it is 
economically possible to offer a variety of courses at the 
the day and evening students need them. Some 
ow enrollment courses are offered only in rotation with other 
These problems require solutions, since the 
philosophy states that the college must 
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provide for student needs. Autoinstructional systems may help 
to alleviate these problems. 
Since it has been demonstrated that students can be doing 
different lessons during a class session, students may well work 
on different courses while attending a common class session. 
~11 that would be necessary is the presence of knowledgeable 
teachers to help the students with their questions. Taped 
presentations could be used, and each student could be assigned 
a set of test deadlines determined by the time he begins. 
Regular interviews with a technician would reveal the quality 
and quantity of student homework assignments and allow for 
guidance with the work. Such an arrangement would not be 
difficult to schedule and ~ould help end the problem of course 
availability. 
Under these circumstances, it would still be possible to 
offer popular courses by the lecture-discussion or other 
instructional methods. The low enrollment courses could not be 
offered in a variety of ways, but they would at least be offered. 
Autoinstructional materials can provide students and 
faculty with flexibility not possible otherwise. Autoinstruc-
tional units may be used as review, enrichment, or remediation for 
students experiencing difficulty in lecture-discussion classes. 
They may be used as building blocks to serve any set of 
objectives or be adopted to a competency based approach. Then, 
students would not accumulate credit hours, but rather 
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demonstrate necessary proficiencies. Certain autoinstructional 
units necessary to bring the student to the desired level of 
skill would be assigned after careful assessment. Each student 
ould do only what he needs and would not be held to group 
expectations. 
These are but a few pos~ibilities for autoinstructional 
methods in the community college. It is likely that as more 
experience is gained with autoinstructional systems, new 
applications will be devised. 
Higher Education in General 
All of the possibilities discussed above for the community 
college movement apply to higher education in general. In 
addition to these possibilities, the prospects for increased 
achievement and decreased attrition still exist. Stein (7) 
states that attrition in a typical two-year college mathematics 
course is 40 to 60 per cent. This often is the case in four-year 
college and university mathematics courses as well. Although the 
results of this experiment show no significant reduction of attri-
tion, it should not be assumed that no improvement is possible. 
The prospects for improving an autoinstructional learning 
system can be far greater than for improving conventional 
instruction, A taped presentation is the same each time it is 
Played. If it needs improvement, it may be altered. A human 
Presentation varies from day to day and class to class. Even if 
a teacher tries to correct an identified fault, there is no 
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guarantee that after a,time it will not reappear. Teachers may 
become bored from presenting the same material, and faults may 
develop. 
For the Future 
During the course of this study, various minor difficulties 
in the system, such as objectives not covered adequately in the 
mediated presentations, were identified. These deficiencies will 
be remedied, and an improved system will result. Since the 
existing system was as good as conventional instruction, there 
is reason to believe that the modifications will result in a 
better system. It is also likely that conventional instruction 
is not typically as good as that witnessed in the control group. 
Heinich (11) states that teachers of control groups are spurred 
to maximum performance. He states that a television versus 
classroom experiment conducted by Dr. Kenneth D. Hopkins in 
Anaheim, California, revealed a drop in classroom teacher per-
formance each successive year of the five year experiment. This 
suggests that higher education may have much to gain from auto-
instructional systems in terms of maintaining the quality and 
consistency of instruction. 
With the use of differentiated teaching teams and other 
paraprofessionals, the following are possible. 
1. The quality of instruction may be improved. 
2. Instruction may become more flexible. 
J. Cost may be reduced. 
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Once appropriate materials for an autoinstructional system 
have been developed, the instructor may use his time more 
efficiently in dealing with individual student problems, 
managing the instructional system, and upgrading its quality. 
It is possible for a team of two instructors and four technicians 
to handle between 600 and 800 students at a given point in time. 
This is based on the assumption that the instructor's load is 
14 to 15 teaching hours per week, the technician's work is J5 
hours per week, and a learning center and its paraprofessional 
staff exists. 
The cost of such a system cannot be readily determined since 
a variety of factors must be considered. If one is merely 
concerned about expedient handling of large numbers of students 
in a humane manner, ~he system may be operated at reasonable 
cost. Audio cassettes may be relied on heavily at a very low 
cost. More expensive video-tapes may be reserved for situations 
in which they are clearly needed. By having students start 
at different times, the amount of sophisticated hardware can be 
minimized. It is unlikely, for example, that a large number of 
students would be using the video-tapes at a given time under 
these circumstances. Fewer video-tape playback facilities would 
be required than if all students started at the same time and 
proceeded at the same rate. 
If one is concerned, however, with producing the optimum 
learning situation for each student, the problem becomes very 
complex. An important question is, "Who will determine what 
method of instruction is best for a given student?" This is 
probably best determined by the student himself. Devault and 
Jung (12) state: 
Implementation of optimum individualization, even after 
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we have identified clearly what we can individualize, is a 
complex task. First, we do not know which personal char-
acteristics are relevant to any given differentiation in 
instruction. The research only offers weak hints in a few 
areas. Second, even if we did know what characteristics to 
use for deciding differentiations in instruction, we probably 
do not have adequate means for measuring them accurately. 
Third, even if we could measure them, there comes a point of 
diminishing returns. The time and energy given to careful 
measurement and then to matching a prescription for each 
relevant characteristic may, in many instances, be more 
than the time and energy gained in the resulting 
individualization. 
Thus, the optimum learning situation will likely never be achieved 
or measured. 
Many possibilities exist for higher education through the 
use of autoinstruction. Learning centers may some day be located 
in the community for general public use, perhaps in public 
libraries or other facilities. Autoinstructional courses could 
be lent by libraries. These courses could use phonograph 
records, audio cassettes, or even video cassettes, if they 
became popular. 
Universities offering correspondence study could help their 
students learn through the use of inexpensive audio-tapes. This 
might help reduce the very high attrition rates in such courses. 
At the first American Association of Community and Junior 
Colleges Assembly (lJ), it was reported that institutions of 
11 
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higher education will be increasingly competing for students in 
a buyer's market place, with emphasis on flexibility and 
imaginitiveness. More effective educational services will be 
sought by personalizing the instructional process through 
learning modules varying in time and content. Bilingual and 
bicultural programs could be developed which reflect the life 
s~yles and career goals of students for whom English is a second 
language. 
Moves already being made in the direction of freedom and 
flexibility include non-traditional study, external degree, 
cooperative education, credit by examination, life-experience, 
broadcast courses, correspondence courses, personal contract, the 
open university, and the university without walls (14). Betts 
(15) states that it is estimated that external degree programs 
are emerging at the rate of one per week. He states that JO 
per cent of all higher education may be pursued in non-traditional 
modes by 1980, These trends strongly imply that autoinstructional 
methods may play a more important role in higher education in the 
future. This study tends to confirm that this is possible. 
1 • 
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APPENDIX A 
COURSE OBJECTIVES 
Mth 110 - Fundamentals of Mathematics 
Unit I - Sets 
The student: 
A. understands the concept of sets and set operations 
as evidenced by his ability to diagram and solve 
simple problems of these types: 
1. specification of sets using set notation 
2. picturing sets using Venn diagrams and number 
lines · 
3. union and intersection of sets 
4. compound sentences (word problems) involving 
"and" and "or" 
B. correctly uses these related words and symbols 
in problem solving: 
1. set 
2. element or member, 
3. proper subset, C 
4. improper subset (equal or equivalent), = 
5. null or empty set, 0, is 
6. finite sets 
7. infinite sets 
8. rule and roster methods of specification of 
sets 
9. number line 
10. Venn diagram 
11. union, U, ·as "or" condition 
12. intersection,(\ , as "and" condition 
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unit II - Subsets of the Real Numbers 
'The student: 
A. differentiates between the sets of natural, whole, 
integer, rational, irrational, and real numbers 
B. correctly uses these related words in problem 
solving: 
1. natural or counting number 
2. whole number 
.3. integer 
4. rational number 
5. irrational number 
6. real number 
7. positive 
8. negative 
9. non-positive 
10. non-negative 
Unit III - Signed Number Arithmetic 
The student: 
A. adds, subtracts, multiplies, and divides integers 
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B. understands the order in which fhe four arithmetic 
operations are performed and uses this knowledge to 
solve problems involving several operations 
C. uses parentheses to indicate order of operation 
D. evaluates expressions containing parentheses 
Unit IV - Properties of the Real Numbers 
The student: 
A. identifies examples of the following: 
1. commutative properties 
2. associative properties 
J. distributive property 
4. identity elements 
5. inverse elements 
6. binary operation 
?. closure 
B. uses the above properties in solving these types 
of proplems: 
1. addition, subtraction, multiplication, and 
division of real numbers 
2. simplification of expressions containing 
linear terms and involving addition, sub-
traction, and multiplication 
Unit V - Linear Equations 
The student: 
A. solves linear equations in one variable alge-
braically. 
B. manipulates given formulas to solve for a 
specified variable 
C. sets up and solves ratio and proportion word 
problems 
D. correctly uses these related words in problem 
solving: 
1. open or conditional sentence 
2. replacement or universal set 
J. solution or truth set 
4. constant 
5. variable 
6. term 
?. coefficient 
8. algebraic expression 
9, equation 
10. members or sides of an equation 
11. equivalent equations 
12. linear 
13. ratio 
14. proportion 
126 
- 127 
Unit VI - Order on the Real Numbers and Linear Inequalities 
The student: 
A. understands the concept of order on the real numbers 
as evidenced by his ability to: 
1. graph sets of numbers on the real number line 
2. correctly use these related words and symbols 
in problem solving: 
a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
comparison property (Axiom of Trichotomy) 
transitive property of inequality and 
equality 
absolute value as distance on a number line 
equal to, = 
less than, < 
greater than, > 
less than or equal to, ~ 
greater than or equal to, ~ 
B. demonstrates proficiency in dealing with simple 
one dimensional linear inequalities as evidenced 
by his ability to: 
1. solve them algebraically 
2. graph their solution sets on a real number line 
J. correctly use these related words in problem 
solving: 
a. inequality 
b. compound inequality 
c. open interval 
d. closed interval 
Unit VII - The Cartesian Coordinate System 
The student: 
A. plots a point in the plane given its coordinates 
B. gives the approximate coordinates for a plotted 
point in the plane 
c. draws the graph of a two dimensional linear 
equation by constructing a table of values to find 
points for plotting 'i ljl, 
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D. correctly uses the following words in problem 
solving: 
1. graph 
2. coordinate system 
J. axes 
4. abscissa 
5. ordinate 
6. origin 
7. quadrant 
8. coordinates 
9. ordered pair 
Unit VIII - Intercepts and Slope 
The student: 
A. finds the X and Y intercepts of a line given its 
equation 
B. finds the slope of a line given two points on the 
line 
c. finds the slope of a line given its equation 
D. writes the equation of a line given a point and 
the slope by using the point-slope form for the 
equation of a line 
E. writes the equation of a line given two points 
by using the point-slope form for the equation 
of a line 
F. draws the graphs of lines given: 
1. their equations using the X - Y intercept 
method 
2. the slope and a point on each line 
J. two points on each line 
G. correctly uses the following words in problem 
solving: 
1. slope 
2. intercept 
J. point-slope form 
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Unit IX - Simultaneous Linear Equations 
The student: 
A. determines whether a pair of equations represent 
the same line, parallel lines, or intersecting 
lines 
B. solves systems of two linear equations by graphing 
them and reading their approximate point of 
intersection 
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c. solves systems of two linear equations algebraically 
by using either the substitution or the addition 
method 
D. sets up and solves word problems that result in 
two linear equations in two variables. Types of 
problems to be solved include: 
1. geometric 
2. motion, d = rt 
J. simple interest, I = prt 
Mth 114 - Intermediate Algebra 
Unit I - Simple Polynomial Operations 
The student demonstrates proficiency in applying the 
distributive, associative, and commutative laws to poly-
nomials with only positive integral exponents as evidenced 
by his ability to: 
A. add and subtract polynomials 
B. multiply monomials and raise monomials to 
positive powers 
c. multiply a monomial times a polynomial 
D. multiply polynomials and simplifies the results 
by combining similar terms 
E. utilize special products to write products of the 
following types on inspection 
1. (a + b)2 = a2 + 2ab + b2 
-
2. (a + b) (a - b) = a 2 - b2 
F. correctly use these related words in problem 
solving: 
1. monomial 
2. binomial 
J. trinomial 
4. polynomial 
5. exponent 
6. base 
?. degree 
8. linear 
9. quadratic 
10. cubic 
11. quartic 
Unit II - Factoring - Part I 
The student: 
A. factors algebraic expressions using the following 
techniques: 
1. removing a common factor 
2. difference of two squares 
J. sum and difference of two cubes 
B. correctly uses these related words in problem 
solving: 
1. greatest common factor 
2. factor completely 
Unit III - Factoring - Part II 
The student: 
A. factors algebraic expressions using the following 
techniques: 
1. quadratic trinomial 
2. grouping 
lJO 
1J1 
B. factors algebraic expressions using combinations of 
the techniques present in Units IIand III. 
Unit IV - Algebraic Fractions - Part I 
The student: 
A. simplifies algebraic fractions to lowest terms 
B. multiplies and divides algebraic fractions 
unit V - Algebraic Fractions - Part II 
The student: 
A. finds the least common multiple (common denominator) 
of a set of algebraic expressions 
B. adds and subtracts algebraic fractions 
C. simplifies elementary types of complex fractions 
.. 
Unit VI - Exponents - Part I; Integral Exponents 
The student: 
A. defines the zero, positive, and negative intggral 
exponent 
B. manipulates and simplifies expressions containing 
integral exponents · 
Unit VII - Exponents - Part II; Radicals 
The student: 
A. simplifies, rationalizes and/or evaluates 
expressions involving radicals 
B. correctly uses these related words in problem 
solving: 
1. principal root and square root 
2. radical 
J. index 
4. radicand 
.5. rationalize 
Unit VIII - Exponents - Part III; Rational Exponents 
The student: 
A. expresses rational exponents in radical form and 
conversely 
B. simplifies and/or evaluates expressions involving 
rational exponents 
Unit IX - Quadratic Eqqations - Part I; Factoring 
The student: 
A. solves quadratic equations with rational 
coefficients by factoring 
B. solves simple higher degree polynomial equations 
by factoring 
Unit X - Quadratic Equations - Part II; Real Roots 
The student: 
A. solves quadratic equations with real coefficients 
and real roots by completing the square 
B. solves quadratic equations with real coefficients 
and real roots by using the quadratic formula 
Unit XI - Quadratic Equations - Part III; Complex Roots 
The student: 
A. identifies the real and imaginary parts of complex 
numbers 
B. reduces powers of i to i, -1, -i, and +1 
1J2 
C. performs the operations of addition, subtraction, 
multiplication, and division and simplifies 
expressions containing complex numbers 
D. determines the nature of the roots of a quadratic 
equation by using the discriminant test 
E~ solves quadratic equations with real coefficients 
and complex roots by using the quadratic formula 
F. correctly uses the following words and symbols 
in problem solving: 
1. complex number 
2. real part 
J. imaginary part 
4. i =1-1 
5. conjugate 
6. discriminant 
Unit XII - Radical and Fractional Equations 
The student: 
A. solves equations containing radicals using the 
squaring technique 
B. solves equations containing fractional expressions 
C. identifies extraneous roots 
Unit XIII - Quadratic Applications 
The student sets up and solves the following types of 
quadratic word problems: 
A. geometric 
B. motion 
c. rate of work 
D. displacement and other appropriate physics types 
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Unit XIV - Functions - Part I 
The student: 
A. defines function, domain, and range in his own 
words 
B. determines the domain of the following types 
of functions: 
1. linear, f(x) ; mx + b 
2. quadratic, f(x) 2 = ax + bx + c 
J. radical, f(x) = v'x + d 
4. fractional, f(x) = 1 
x + c 
C. determines the value of a function, f(x), given 
the value of the independent variable, x 
Unit XV - Functions - Part II 
The student: 
A. differentiates be~neen graphs that represent 
functions and graphs that do not 
B. relates f(x) notation to the height of a function 
as evidenced by his ability to graph functions 
of the form f{x) = mx + b and f(x) = 
2 
ax + bx + c by plotting points (x, f(x) ) in 
the rectangular coordinate plane 
Unit XVI - Inequalities 
The student: 
A. solves absolute value inequalities of the form 
lx + al <b and tx + a\> b as evidenced by his 
ability to graph their solution sets on the 
number line 
B. solves one dimensional quadratic inequalities and 
graphs their solution sets on the number line 
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C. explains the relationships between the solution 
sets of quadratic inequalities and the heights of 
their corresponding quadratic functions 
D. graphs the solution sets of two dimensional 
linear inequalities 
1J5 
APPENDIX B 
MTH 114 SAMPLE UNIT OF INSTRUCTION 
Factoring - Part I 
Give yourself this pretest. If you get all 6 correct, you 
need not go through this unit. You may go on to the next unit. 
If you have less than 6 correct, view TV Tape #518 in the ILG. 
The test answers are given at the end of this test. Grade 
yourself. Practice problems with answers are included in this 
handout. 
Problems 
Factor completely: 
1. 27ax3 + Ba 
2, 16x2 - 9y2 
J, mJnJ - (a + 2b)J 
4, 4a3b2c - 12ab2c3 + 18bJc4 
5 • XJt + 1 
6. Find the greatest common factor for the expressions 
4x2y, 52x3yz, 6xyz. 
&.__nswers 
1. a(Jx + 2)(9x2 - 6x +4) 
2. (4x + Jy)(4x - Jy) 
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J. 
5. 
6. 
ITill - (a + 2b) m2n2 + mn(a + 2b) + (a + 2b) 2 
2b2c(2aJ - 6ac2 + 9bc 3) 
(xt + 1)(x2t - xt + 1) 
2xy 
~ctoring Assignment - Part I 
common Factor - Factor Completely 
' 1. Jx - J 
2. 2 - 2x x 
J. JxJ + 6x2 - 18x 
4. JxJy2 - 9x2y3 + 27x4y2 
Differences of Two Squares - Factor Completely 
5. a2 - b2 
6. 2 2 4x - 16y 
?. 2 2 x y - 4 
8. 16xJ - 64x (Take out the greatest common factor first) 
9. 2 2 x y - a2b2 
10. x4 4 
- y 
Sum and Difference of Two Cubes - Factor Completely 
11. XJ + YJ 
12. aJ - bJ 
lJ. xJy3 + y6 
14. 27x6y6 - z3 
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giswers to Factoring Assignment - Part I 
1. 
2. 
J. 
4. 
.5 • 
6. 
7, 
8. 
9, 
10. 
11. 
12. 
lJ. 
14. 
J(x - 1) 
x(x - 2) 
Jx(x2 + 2x - 6) 
2 2 Jx y (x - Jy + 9x2 ) 
(a + b)(a - b) 
4(x + 2y) (x - 2y) 
(xy + 2) (xy - 2) 
16x(x + 2)(x 
- 2) 
(xy + ab)(xy - ab) 
2 2 (x. + y.)( x + y)(x - y) 
(x + y)(x2 -xy + y2 ) 
(a - b)(a2 +ab+ b2 ) 
Take out y3 first so y3(xJ + y3) = yJ(x + y)(x2 - xy + y2 ) 
(Jx2y2 - z)(9x4y4 + Jx2y2z + z2) 
APPENDIX C 
REVIE# OF PILOT STUDIES 
Mathematics for Drafting Technology 
In the spring of 1971, a complete set of mathematics 
objectives for the Drafting Technology program was developed. 
At this time it was decided to offer an autoinstructional version 
of the beginning and intermediate algebra courses the following 
year. Published materials which very closely paralleled the 
beginning algebra objectives for drafting were discovered. An 
autoinstructional, self-paced course for the students in the 
Drafting Technology Program seemed a good idea. This self-paced, 
pretechnical mathematics course was to be a trial of some of the 
ideas involved in establishing and managing self-paced sections 
according to the systems approach. The following describes the 
theoretical instructional scheme. 
The course was to be presented in 34 short units of 
instruction. Each unit was defined in terms of specific 
objectives. Ronald Svara and this writer prepared a short 
video-tape presentation about 20 minutes long for each unit. 
Each unit had an assignment in a programed workbook and its own 
practice test. 
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Experiences with other subject matter areas offering self-
paced courses pointed out the need for a deadline. One of the 
social studies teachers at MVCC conducted a self-paced course 
without deadlines. One student persisted in the course for 
three semesters before being counseled out of it. Each time the 
.·instructor thought that the student would never return, he would 
show up and do a unit. At the end of three semesters, the 
! 
student was not half finished and had forgotten the material 
from the first part of the course. 
A four month deadline was placed on what is essentially a 
six week lecture-discussion course. The course contained about 
the same amount of material as the beginning algebra mini-course, 
but the emphasis was on application. Formula manipulation and 
technical topics were emphasized while sets were not mentioned. 
The students were required to attend a one hour per week 
question and answer period and meet with the instructor for ten 
to 15 minutes each week for an individual assessment of their 
work. The students were to attend the Individualized Learning 
Center to view the video-tapes and to take tests. The video-
tapes were intended as the primary source of information. 
Each student received a study guide with each unit of 
instruction clearly presented. He was to initial each objective 
in his study guide as he achieved it and then present his 
initialed objectives and written work to his instructor at the 
Weekly interview. The instructor was to check the written work 
-------------------------
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and initial the objectives he thought the student had achieved. 
when all of the objectives for a chapter were initialed, the 
student presented them at the Individualized Learning Center to 
take the corresponding chapter test. 
Eight Drafting Technology students enrolled for the self-
paced section. All of these students qualified for the course 
as determined by their high school records, ACT scores, and 
scores on a pretest. One of these students had completed three 
years of regular track high school·mathematics. This background 
is sufficient to enter the technical mathematics course. When 
questioned about the apparent misplacement, he stated that he 
needed the review and intended to earn some easy credit. 
The rate of progress in the self-paced section was very 
slow, The first student to complete the self-paced beginning 
algebra did so in five weeks. He was the same student who 
intended to earn credits easily. This was one week short of 
the ti~e required to cover the material in a lecture-discussion 
situation. Four students took longer than the six weeks 
required in lecture-discussion, with ·two exceeding the four 
month time limit by two weeks. Three students dropped the 
course or otherwise did not complete it. Two students of the 
five who completed beginning algebra also managed to complete 
the self-paced intermediate algebra portion before the semester 
ended. Although the attrition rate seems high, similar results 
had occurred on occasion in lecture-discussion sessions. 
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A student course evaluation was prepared especially for this 
section. Five students completed questionnaires. The responses 
received were generally positive, indicating the students were 
largely satisfied with the instructional design of the course. 
Some of the responses were discouraging. Three of the five 
students indicated that the video-tapes were very helpful. Most 
of the responses to the question regarding required video-tape 
viewings in the future were negative, It was later discovered 
that the instructor was of a traditional bent and had not 
encouraged the use of the video-tapes. He regarded the text as 
the primary source of information for the student. 
The instructor's attitude colored the entire set of results. 
The video-tapes were intended as primary sources of information. 
Instead, the students relied on the programed textbook and the 
weekly interviews with the instructor. These interviews turned 
into tutoring sessions duplicating on a person to person basis 
the same information available on video-tapes. 
The discrepancy between theory and application points out 
the importance of everyone's understanding of and positive 
commitment to an innovation. Even extensive explanations and 
agreements may not guarantee accurate implementation. 
Despite this problem, certain valuable results relating to 
the instructional scheme were discovered. Modifications were 
necessary in the testing procedures. It was not economical in 
terms of time and effort to expect the instructor to pick up and 
14J 
grade tests taken by the students at a variety of times and at a 
variety of places in the course work. 
Another result related to students' time. The students 
progressed too slowly. A group of qualified students took longer 
to achieve the objectives in the self-paced instruction than they 
probably would have in a lecture-discussion setting. 
One probable reason for the slow progress was the text. 
While it presents the material very well, it may have been too 
detailed and lengthy for the students enrolled. 
Most people work to meet deadlines. This may point out 
another reason for the slow progress of the students. The 
self-paced course did not compete effectively for the students' 
time and attention. By lacking the periodic deadlines found in 
ordinary courses, it was given a relatively low time priority. 
This resulted in some of the students aiming for the ultimate 
deadline and finishing even later, despite their ability. 
Some of the difficulties encountered in this trial are also 
reported by Waits in his paper on CRIMEL, Curriculum Revision 
and Instruction in Mathematics at the Elementary Level. He 
states that students did not use the TV room and tutor rooms to 
the degree expected. The CRIMEL system places increased 
responsibility on the students, but students may not understand 
these responsibilities. Some students in CRIMEL postponed study 
until it was too late for success in the course. 
Self-pacing, as it was implemented and determined only by 
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the students, seemed unworkable in the community college. A 
Ire-evaluation of self-pacing or abandonment was indicated. Other 
courses the students were taking, jobs, and social commitments 
probably produced pressures which gave the self-paced course 
too low a priority. 
Three categories of students who can benefit from auto-
instruction are evident. They are: 
1. students who can complete the course objectives but 
at a little slower pace. Of course, students must 
qualify for the course. 
2. students who can finish ahead of the usual schedule. 
J. stµdehts whose learning style is better suited to 
a media type of presentation. 
It is assumed that students will elect the type of pre-
sentation which suits them if they are afforded a choice and that 
students can finish early. It is possible that the instructional 
system can be structured to identify the earnest slow learners. 
The system should be structured and. yet flexible enough to 
provide for individual student needs. Self-paced has been re-
defined to mean that a student should work at a rate determined 
by his ability, rather than at a rate he chooses. It had been 
assumed that given a chance, students would work at a rate 
commensurate with their ability. 
Autoinstructional Algebra 
On the basis of experience with the section of Drafting 
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Technology students, modifications were made in the instructional 
design. A pilot section in beginning and intermediate algebra 
was offered to the general student population. 
The beginning algebra course was organized into ten units 
of study. Each unit had a set of objectives to be accomplished 
by the student. The units were grouped for purposes of testing. 
Three tests and a comprehensive final were given in the one 
semester hour course. The-tests were made up directly from the 
course objectives and were largely composed of multiple choice or 
matching items. 
After the student took his test in the Individualized 
Learning Center, it was computer scored. The results were posted 
on a bulletin board the next day by social security number. A 
printout of test results was sent to the instructor weekly. A 
few of the items were hand scored, because it is impossible to 
adequately test some of the objectives with multiple choice 
questions. 
Each unit was related to an autoinstructional presentation, 
a textbook assignment, and a programed learning experience. Each 
of these learning experiences was designed or selected on the 
basis of its relationship to unit objectives. 
The autoinstructional presentations included video-tapes, 
sound on slide presentations, and cassette recordings with 
handouts. They were intended to be primary sources of informa-
tion. The method of presentation varied from unit to unit. 
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The student use of the ILC was not as good as had been 
1hoped. It ranged from students using the media several times 
each to no use at all. Generally the students using the media 
were successful, and those not using the media were not. Indica-
tions are that students relied heavily on their textbooks. This 
probably reflects their own traditional orientations and those 
expressed by the instructor. 
Students were require~ to attend a one hour question and 
answer session each week. Despite the fact that attendance was 
required, it was not good. It was not better attended than 
ordinary lecture-discussion sections frequently are, 
Students were required to meet with the instructor once each 
week for an assessment of their written work. Despite the fact 
that students were scheduled for appointments, they were 
frequently absent. 
One is almost tempted to think that assigning credit for 
attendance is the logical answer. This answer is probably 
consistent with the school experience of the students, but it is 
highly inconsistent with a competency based approach. The 
students are products of a school system that has compulsory 
attendance and practices social promotion. It may take a while 
before some of the students discover that they are expected to 
learn. 
Retests were available for students who were not sati~fied 
With their test scores. If students elected to take a retest, 
r ~ 
l 
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the second test counted. More than one retest should not be 
necessary if the students meet course prerequisites and are 
studying. 
Sixteen students enrolled for the autoinstructional Mth 110 
course. The six female and ten male students represented a good 
cross section of the student population. They ranged in age from 
recent high school graduates to individuals in their fifties. 
Some of the students were Viet Nam veterans, while others had not 
been in the military service. Prerequisites for the course 
included an ACT mathematics score of 14 and a minimum score of 
50 per cent on the Mth 110 pretest. Most students enrolling in 
Mth 110 have had one year of high school algebra. 
Two sections taught by the lecture-discussion method were 
used as a control group. These two sections, with 59 students 
enrolled, were chosen because the instructor agreed to cooperate 
in the study. These students also appeared to represent a good 
cross section of the MVCC student body. 
ACT mathematics mean scores for the two groups were: 17.14 
for the experimental and 16.00 for the control. Since not 
every high school senior takes the ACT examination, scores were 
not available for every student. Only seven of the 16 students 
in the experimental group had ACT mathematics scores available, 
while 28 of the 59 students in the control group had scores 
available. The ACT scores of the experimental group ranged from 
a low of 11 to a high of 24, while the scores of the control 
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group ranged from a low of seven to a high of 24. 
It was discovered that very few of the students had Mth 110 
pretest scores. This was a surprise to all persons involved, 
since it was assumed that virtually every student had been 
pretested. A similar condition would probably be less likely to 
occur during the fall semester because an elaborate orientation 
is conducted. All available student ACT and Mth 110 pretest 
scores were obtained from the students' cumulative record 
folders. 
It was decided that achievement of the two groups would be 
measured by a common final examination. The examination was 
written by the instructors involved so that it was acceptable to 
all. It consisted of 35 objective items and five problems 
requiring written solutions. For purposes of consistency in 
scoring, only the objective items were used to compare achieve-
ment. By eliminating the written items, a few major course 
objectives were not considered. For example, it is impossible 
to test a student's ability to set up a Cartesian plane and 
graph the equation of a line by using multiple choice methods. 
The sample of course objectives covered by the 35 items was quite 
comprehensive, so eliminating a few items probably had little 
effect on evaluating achievement. 
All final examinations were administered in the Individu-
alized Learning Center. All students involved had taken at 
least two Mth 110 examinations in the ILC prior to taking the 
final test. This was done to eliminate the difficulty of a 
~~strange testing situation. 
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A questionnaire was used to determine student reaction to 
the autoinstructional method after four weeks of instruction. 
Questionnaires were distributed to students in the control group 
and in the experimental group. The questionnaire presented a 
description of the experimental instructional design and a 
description of a traditional lecture-discussion design. Two 
questions were asked. 
Question 1--If you were enrolling in Mth 110 or Mth 114 for 
first time, which method of instruction would you choose? 
Responses of the Experimental Group: 
Lecture-Discussion 0 Autoinstructional 7 
Responses of the Control Group: 
Lecture-Discussion 21 Autoinstructional 1) 
Question 2--Suppose you were not successful in a Mth 110 
Mth 114 lecture-discussion class. Would you try lecture-
or autoinstructional the second time? 
Responses of the Experimental Group: 
• Lecture-Discussion 1 Autoinstructional 6 
Responses of the Control Group: 
Lecture-Discussion 15 Autoinstructional 19 
The questionnaire gives a measure of student interest in 
autoinstructional methods and student satisfaction with their 
It identifies students who express a preference 
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for the experimental method of instruction. This enables one to 
study their characteristics. 
The following hypotheses were to be tested. 
Hypothesis 1--No significant difference exists between the 
ACT mathematics scores of the experimental and the control groups. 
Hypothesis 2--No significant difference in achievement 
exists between the experimental and the control groups, as 
measured by the objective items on the final examination. 
Hypothesis 3--No significant difference in achievement 
• exists between students expressing a preference for the auto-
instructional method in the experimental and the control groups. 
The first hypothesis was intended to test the initial 
similarity of the experimental and control groups with respect 
to mathematical knowledge. The second hypothesis was intended to 
measure the effectiveness of the experimental instructional 
design on the general student population, while the third 
hypothesis was intended to detect differences in instructional 
effectiveness on students expressing a preference for the 
autoinstructional method. 
A two sample t-test was used to test the hypotheses with 
o( = .05. The t-test was run on a Compucorp 135E Statistician 
model desk top computer equipped with an R8 card reader. Program 
number 8801516A was used for the computations. 
Hypothesis 1 was tested with available data. Seven ACT 
mathematics scores were available for the experimental group and 
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28 were available for the control group. A t value of .5515 was 
obtained. With 33 df and c:< = .05, a t value of approximately 
2.03 is required to reject the null hypothesis. Based on this 
result the null hypothesis regarding initial differences between 
experimental and control groups was accepted. 
Hypothesis 2 was tested with the final examination scores 
achieved by students who took the final examination. It should 
be pointed out that nine students out of the original 16 in the 
experimental group took the test, compared to JJ out of the 
original 59 in the control group. A t value of .2148 was 
obtained. With 40 df and°'= .05, a t value of 2.021 is 
required to reject the null hypothesis, The null hypothesis 
regarding the achievement of the general student population was 
accepted. 
The questionnaire results were used to identify the student 
scores to be used in testing Hypothesis J. The seven students 
in the experimental group who completed questionnaires preferred 
the autoinstructional method. All took the final examination. Of 
J4 students completing questionnaires in the control group, 1J 
expressed a preference for the autoinstructional method. Of 
these lJ, only six students took the final examination. A t value 
of .J535 was obtained. With 1Ldf and o( = .05, at value of 2.201 
is required to reject the null hypothesis. The null hypothesis 
was accepted. 
Another important consideration in measuring the 
·effectiveness of the instructional design is the rate of 
attrition. Two important questions are: 
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1. ://hat percentage of the students registered in each 
group took the final examination? 
2. What percentage of the students in each group 
achieved a minimum grade of C? 
Of the 59 students registered for the control group, JJ took 
the final exam. The experimental group started with 16 students, 
and nine took the final exam. Both groups had 56 per cent of 
the students registered take the final exam. 
Of the 59 students in the control group, 25 or 42.4 per 
cent received at least a grade of C. Of the 16 students 
regis1ered in the experimental group, seven or 44.8 per cent 
received at least a grade of c. It is interesting to note that 
a uniform grading system had not been adopted. The letter 
grades represent the subjective judgments of two different 
instructors. 
The mean completion time for both groups was identical. 
Instruction and testing for the r.Ith 110 mini-course was completed 
in six weeks. In each case the students were allowed until the 
end of the seventh week to take the final examination. It 
appears that students who are serious about doing the work 
maintain the pace. 
The experimental system provided an educational advantage 
over the lecture-discussion method since it allowed students 
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finish the course work early. No student in the experimental 
group, however, finished ahead of schedule. The existence of 
-~an autoinstructional system allowed students who did not care 
_,, 
for lecture-discussion another way to achieve the course 
' , objectives. 
The results indicate that the experimental system was at 
good as the lecture-discussion method. The auto-
: instructional system is a viable alternate instructional form. 
· The experimental instruction system apparently appealed to a 
large enough part of the student population to warrant 
implementation. This conclusion is based on the questionnaire 
responses of the experimental and control groups and supported 
by a report of the Innovative Committee of I.Jloraine Valley 
Community College. Further investigation of autoinstructional 
methods on a larger scale and with more controlled evaluation 
was justified. 
APPENDIX D 
STUDENT OPINION BOOKLET 
The following is reproduced from International Study 
of Achievement in Mathematics: A Comparison of Twelve Countries, 
edited by Torsten Husen. 
The purpose of this STUDENT OPINION BOOKLET is to find out 
how students think about a ·number of things. You should give 
answers to these statements as rapidly and as accurately as you 
can. If you are not taking a mathematics course now, answer 
the statements about mathematics on the basis of your most 
recent mathematics course. There are no "right" or "wrong" 
answers for these statements, so please answer according to your 
own opinions. Your answers will have no effect on your school. 
marks. 
Jirections 
Your answers to these statements should be marked in the 
section of your answer sheet labelled SO (Student Opinion). 
The numbers in this section of the answer sheet correspond to the 
numbered statements in this booklet. In answering statements 
1-22, read each statement carefully and mark: 
Answer space A - if the statement is usually TRUE about your 
school. 
Answer space B - if the statement is usually NOT TRUE about 
your school. 
Answer space C - if you cannot decide whether the statement 
is usually TRUE or NOT TRUE about your 
school. 
1. Most schoolwork is the memorizing of information. 
2. In our school we get a great deal of practice and drill 
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/ 
until we are almost perfect in our learning. 
J. The students spend most of their class time listening to 
the teachers and taking notes. 
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4. My mathematics teacher shows us different ways of solving 
the same problem. 
5. Our teachers want us to do most of our learning from the 
textbook which lis used in the course. 
6. My mathematics teacher does not like students to ask 
questions after he has given an explanation. 
7, My mathematics teacher wants students to solve problems 
only by the procedures he teaches. 
8. We are expected to learn and discover many ideas for 
ourselves. 
9, We are expected to develop a thorough understanding of ideas 
and not to just memorize information. 
10, Our teachers believe in strict discipline and each student 
does exactly what he is told to do. 
11, Students are encouraged to devise their own projects or 
experiments in order to learn on their own. 
12. My mathematics teacher expects us to learn how to solve 
problems by ourselves, but helps us when we have 
difficulties. 
lJ. In my mathematics class, students who have original ideas 
get better grades than do students who are most careful 
and neat in their work. 
14. Most of our classroom work is listening to the teacher. 
15. My mathematics teacher requires the students not only to 
master the steps in solving problems, but also to 
understand the reasoning involved, 
16. My mathematics teacher encourages us to try to find several 
different methods for solving particular problems. 
17. My mathematics course requires more thinking about the 
methods of solving problems than memorization of rules and 
formulae. 
18. My mathematics teacher wants us to discover mathematical 
principles and ideas for ourselves. 
" 
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19. My mathematics teacher explains the basic ideas; we are 
expected to develop the methods of solution for ourselves. 
20. We do not use just one textbook for most of our subjects. 
Various sources and books from which we can learn are 
suggested to us, 
21. Most of the problems my mathematics teacher assigns are to 
give us practice in using a particular rule or formula. 
22.· Much of our classroom work is discussing ideas and problems 
with the teacher and the other students. 
Directions 
In answering statements 2J-65, read each statement care-
fully and mark: 
Answer space A - if you AGREE with the statement. 
Answer space B - if you DISAGREE with the statement. 
Answer space C - if you cannot decide whether you AGREE or 
DISAGREE with the statement. 
2J. In mathematics there is always a rule to follow: in solving 
problems. 
24. I generally like my school work. 
25, It should be possible to eliminate war once and for all, 
26. Success depends to a large part on luck and fate. 
27. More of the most able people should be encouraged to 
become mathematicians and mathematics teacher. 
28. Some day most of the mysteries of the world will be 
revealed by science. 
29. Anyone can learn mathematics. 
30. Most school learning has little value for a person. 
Jl. 
J2. 
JJ. 
J4. 
J5. 
36. 
J?. 
JS. 
J9. 
40. 
41. 
42. 
4J. 
44. 
45. 
46. 
48. 
157 
By improving industrial and agricultural methods, poverty 
can be eliminated in the world. 
I dislike school and will quit just as soon as possible. 
With increased medical knowledge, it should be possible to 
lengthen the average life span to 100 years or more. 
Outside of science and engineering, there is little need 
for mathematics (Algebra, Geometry, etc.) in most jobs. 
Mathematics is of great importance to a country's 
development. 
The most important reason for studying arithmetic and 
secondary school mathematics is that they help people 
to take care of their own financial affairs. 
Very few people can learn mathematics. 
Mathematics helps one to think according to strict rules. 
Mathematics (Algebra, Geometry, etc.) is not useful for the 
problems of everyday life. 
Someday the deserts will be converted into good farming land 
by the application of engineering and.science. 
I am bored most of the time in school. 
Almost all of present day mathematics was known at least 
a century ago. 
Education can only help people develop their natural 
abilities; it cannot change people in any fundamental way. 
I enjoy everything about school. 
A thorough knowledge of advanced mathematics is the key to 
an understanding of our world in the 20th century. 
School is not very enjoyable, but I can see value in 
getting a good education. 
It is important to know mathematics (Algebra, Geometry, etc,) 
in order to get a good job. 
Almost anyone can learn mathematics if he is willing to 
study, 
49. Mathematics is a very good field for creative people to 
enter. 
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50. Unless one is planning to become a mathematician or 
scientist, the study of advanced mathematics is not very 
important. 
51. Any person of a~erage intelligence can learn to understand 
a good deal of mathematics. 
52. The most enjoyable part of my life is the time I spend in 
school. 
53. Even complex mathematics can be made understandable and 
useful to every high school student. 
54. In the near future, most jobs will require a knowledge of 
advanced mathematics. 
55. With hard work anyone can succeed. 
56, Almost every present human problem will be solved in the 
future. 
57. Almost all students can learn complex mathematics if it 
is properly taught. 
58. I like all school subjects. 
59. There is little place for originality in mathematics. 
60. I, enjoy most of my school work and want to get as much 
additional education as possible. 
61. Only people with a very special talent can learn 
mathematics. 
62. Mathematics will change rapidly in the near future. 
6J. Although school is difficult, I want as much education 
I can get. 
as 
In the study of mathematics, if the student misses a few 
lessons it is difficult to catch up. 
I find school interesting and challenging. 
~ 
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9 Jl 6 5 16 9 S4 -- -- -- -- --
10 J6 6 5 16 10 53 2 2 22 4 51 
11 J4 6 5 16 9 46 8 9 19 16 4J 
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97 JJ 5 3 12 6 J5 -- -- -- -- --
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99 38 5 J 10 4 73 -- -- -- -- --
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g_ontrol Groups 
Subject Number Pretest Score Mth 110 Mth 114 (Out of 44) Post-test % Post-test % 
1 39 63 S4 
2· 37 76 62 
J J6 36 
4 J9 49 JJ 
5 22 S5 69 
6 41 63 50 
7 37 74 68 
8 28 51 J6 
9 28 64 60 
10 39 71 58 
11 32 48 28 
12 47 
lJ 37 69 77 
14 J9 76 61 
15 JO 63 60 
16 29 41 
17 25 51 
18 21 29 24 
19 21 5S JO 
20 JO 7S 
21 JJ 55 78 
22 25 64 40 
2J JJ 53 49 
24 JO 50 52 
25 40 69 72 
26 JS 41 
27 JS 64 56 
2S 41 7J 58 
29 27 60 
. , 
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Subject Number Pretest Score Mth 110 Mth 114 
Post-test % Post-test % 
JO 40 76 73 
Jl 39 70 J6 
J2 41 70 61 
JJ 28 69 
J4 40 65 46 
35 70 40 
J6 29 44 
37 48 
J8 J2 41 
39 4J 84 53 
4o 4J 84 53 
41 41 51 29 
42 37 63 39 
4J 41 74 72 
44 JJ 51 25 
45 27 J6 28 
46 J2 46 J6 
47 JO 55 40 
48 39 20 
49 39 6J 49 
50 J2 60 
51 28 84 79 
52 81 
53 4J 52 
54 J2 54 
55 27 55 58 
56 27 2J 
57 37 58 J6 
58 41 
59 29 50 44 
60 39 79 75 
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Subject Number Pretest Score Mth 110 Mth 114 
Post-test fo Post-test % 
61 37 74 66 
62 38 73 64 
63 38 68 
64 32 65 80 
65 40 58 58 
66 40 60 74 
67 26 . 68 50 
68 34 55 
69 37 27 
70 38 31 
71 21 69 58 
72 36 73 74 
73 36 41 
74 J8 61 59 
75 23 24 
76 41 85 84 
APPENDIX F 
ATTITUDINAL DATA AND CALCULATIONS 
The "Student Opinion Booklet" presented in the International 
Study of Achievement in Mathematics: A Comparison of Twelve 
Countries, edited by Torsten Husen, was scored according to the 
method used in the international study. Two descriptive scales 
and five attitudinal scales compose the booklet. In scoring 
each scale, each positive response was awarded two points. 
Each neutral response was awarded one point, and each negative 
response was awarded no points. The seven scales were evaluated 
for Hypotheses IIIB through IIIE. Sandler's A-statistic, as 
described in Haber and Runyon's General Stati·stics, was computed 
for each scale. The formula for the A-statistic is: 
fD2 
A= ---(~D)2 
Hypothesis IIIB--There is no significant difference in the 
attitudes of the experimental group before and after receiving 
instruction in Mth 110. 
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Descriptive Scale IA--Views about Mathematics Teaching 
Item Before After Difference 
Xl X2 i) D2 
4 50 66 
-16 256 
6 77 54 
-15 225 
7 39 54 
-15 225 
12 65 72 
- 7 49 
1J 24 16 8 64 
15 74 79 - 5 25 
16 37 54 
-17 289 
17 37 57 -20 400 
18 JO 44 
-14 196 
19 35 24 11 121 
21 J 8 
- 5 25 
22 4b 58 -18 J24 
-95 1983 
A = .220 
Descriptive Scale IB--Views about School Learning 
Item Before After Difference 
Xl X2 D D2 
1 20 27 
- 7 49 
2 46 62 
-16 256 
J 25 68 
-43 1849 
5 46 58 -12 144 
8 47 59 -12 144 
9 62 68 
- 6 J6 
10 59 69 -10 100 
11 29 47 -18 J24 
14 28 60 
-J2 1024 
20 28 63 =1.2. 1225 
A = .141 
-191 5151 
Attitude Scale IIA--Towards Mathematics as a Process 
Item Before After Difference 
Xl X2 D D2 
23 14 16 - 2 4 
JS 52 46 6 J6 
42 51 46 5 25 
49 47 45 2 4 
59 47 J4 13 169 
62 41 JJ s 64 
64 17 11 6 
-12. 
JS JJS 
A = .2J4 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
Item Befdre After Difference 
Xl X2 D D2 
29 49 57 - 8 64 
37 84 76 8 64 
4S 82 67 15 225 
51 Sl 79 2 4 
53 50 45 5 25 
57 57 54 J 9 
61 71 72 - 1 1 
24 392 
A = .6S1 
- 170 
Attitude Scale IIC--Place of Mathematics in Society 
Item Before After Difference 
Xl X2 D D2 
27 28 30 - 2 4 
" 
34 66 59 7 49 
35 79 72 7 49 
39 53 59 - 6 36 
45 37 20 17 289 
47 47 43 4 16 
50 56 46 10 100 
54 50 44 6 -12. 
43 579 
A = .J14 
i 
Attitude Scale IID--Towards School Learning 
Item Before After Difference 
Xl X2 D D2 
24 65 61 4 16 
JO 75 71 4 16 
32 79 79 0 0 
41 70 70 0 0 
43 54 59 - 5 25 
44 17 20 - 3 9 
46 52 47 5 25 
52 21 18 3 9 
58 11 13 - 2 4 
60 65 63 2 4 
63 75 72 3 9 
65 72 66 6 -12. 
17 153 
A = .529 
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Attitude Scale IIE--Towards Man and His Environment 
Item Before After Difference 
X1 X2 D D2 
25 56 43 13 169 
26 67 66 1 1 
28 48 50 - 2 4 
31 35 31 4 16 
33 59 60 - 1 1 
40 68 54 14 196 
43 54 59 - 5 25 
55 61 64 
- 3 9 
56 27 26 1 1 
23 422 
A = ,799 
Hypothesis IIIC--There is no significant difference in the 
attitudes of the control group before and after receiving 
instruction in Mth 110, 
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Descriptive Scale IA--Views about Mathematics Teaching 
Item Before After Difference 
x1 X2 D D2 
4 26 44 
-18 J24 
6 43 4J 1 1 
7 24 JO 
- 6 ~: j6 
12 41 J9 2 4 
13 14 20 
- 6 36 
15 41 46 
- 5 25 
16 JO 27 J 9 
17 29 JO 
- 1 1 
18 28 23 5 25 
19 16 22 
- 6 J6 
21 4 4 0 0 
22 25 29 
- 4 16 
-35 513 
A = .419 
Descriptive Scale IB--Views about School Learning 
Item Before After Difference 
Xl X2 D D2 
1 12 16 
- 4 16 
2 JS 36 2 4 
3 9 7 2 4 
5 18 JO ~12 144 
8 35 29 6 J6 
9 40 42 
- 2 4 
10 41 37 4 16 
11 25 21 4 16 
14 9 7 2 4 
20 17 11 6 _1Q 
A = 4.J8 8 280 
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Attitude Scale IIA--Towards Mathematics as a Process 
Item Before After Difference 
Xl Xz D D2 
2J 11 8 J 9 
JS 18 16 2 4 
42 27 29 
- 2 4 
49 16 10 6 J6 
59 29 JJ - 4 16 
62 19 18 1 1 
64 9 ·7 2 4 
8 74 
A = 1.16 
Attitude Scale IIB--About Difficulties in Learning Iviathematics 
Item Before After Difference 
Xl x 2 D D2 
29 22 28 
- 6 J6 
37 41 Jl .·.10 100 
48 47 41 6 36 
51 47 44 3 9 
53 20 16 4 16 
57 2J 28 
- 5 25 
61 44 35 
-2 81 
21 JOJ 
A = .687 
... 
174 
Attitude Scale IIC--Place of Mathematics in Society 
Item Before After Difference 
Xl x 2 D D2 
27 l.J 11 2 4 
J4 32 33 - 1 1 
35 4.J 45 - 2 4 
39 24 26 - 2 4 
45 15 15 0 0 
47 15 13 2 4 
50 15 18 - 3 9 
54 21 24 .::_l --2. 
- 7 35 
A = .714 
Attitude Scale IID--Towards School Learning 
Item Before After Difference 
Xl X2 D D2 
24 35 32 3 9 
JO 35 42 - 7 49 
32 45 43 2 4 
41 39 .JO 9 81 
4.J JO 29 1 1 
44 10 11 - 1 1 
46 J2 Jl 1 1 
52 20 16 4 16 
58 5 11 - 6 J6 
60 J6 33 .J 9 
6J Jl 39 - 8 64 
65 43 J6 _:]_ ..!±2. 
8 320 
A = 5. 00 
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Attitude Scale IIE--Towards Man and His Environment 
Item Before After Difference 
xl X2 D D2 
25 24 28 - 4 16 
26 - 35 32 3 9 
28 37 34 3 9 
31 21 22 - 1 1 
33 37 34 3 9 
40 39 34 5 25 
43 JO 29 1 1 
' 
55 39 29 10 100 
56 16 13 -1 -2. 
23 179 
A = .J39 
Hypothesis IIID--There is no significant difference in the 
attitudes of the experimental group before and after receiving 
instruction in Mth 110 and Mth 114. 
Descriptive Scale IA--Views about Mathematics Teaching 
Item 
4 
6 
7 
12 
lJ 
15 
16 
17 
18 
19 
21 
22. 
A = • 845 
Before 
Xl 
20 
28 
15 
24 
12 
28 
12 
12 
15 
16 
J 
21 
After 
x2 
21 
JO 
20 
27 
4 
2J ' 
i8 
22 
14 
18 
5 
22 
Difference 
D D2 
- 1 1 
- 2 4 
- 5 25 
- J 9 
8 64 
5 25 
- 6 J6 
-10 100 
1 1 
- 2 4 
- 2 4 
- 1 1 
-18 274 
Descriptive Scale IB--Views about School Learning 
Item Before 
X1 
1 8 
2 21 
J 8 
5 12 
8 16 
9 19 
10 15 
11 7 
14 8 
20 7 
A = .122 
After 
X2 
11 
24 
16 
24 
20 
JO 
28 
19 
22 
2J 
Difference 
D D2 
- J 9 
- J 9 
- 8 64 
-12 144 
- 4 J.16 
-11 121 
-13 169 
-12 144 
-14 196 
-16 256 
-96 1128 
176 
177 
Attitude Scale IIA--Towards Mathematics as a Process 
Item Before After Difference 
Xl X2 D D2 
23 2 6 
- 4 16 
38 16 14 2 4 
42 24 16 8 64 
49 17 18 
- 1 1 
59 17 21 
- 4 16 
62 11 6 5 25 
64 8 
-9 
- 1 1 
- 5 127 
A = 5. 08 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
Item Before After Difference 
x 1 X2 D D2 
29 22 16 6 36 
37 J2 29 J 9 
48 28 27 1 1 
51 JO 29 1 1 
53 18 18 0 0 
57 13 14 
- 1 1 
61 32 27 
_i _g2_ . 
15 73 
A = .324 
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Attitude Scale IIC--Place of Mathematics in Society 
Item Before After Difference 
Xl X2 D D2 
27 11 14 
- 3 9 
34 27 21 6 36 
35 30 24 6 36 
39 20 22 - 2 4 
45 20 16 4 16 
47 24 9 15 225 
50 17 9 8 64 
54 19 15 4 16 
---
38 406 
A = .286 
Attitude Scale IID--Towards School Learning 
Item Before After Difference 
Xl X2 D D2 
24 23 25 - 2 4 
JO 30 27 3 9 
32 J2 Jl 1 1 
41 2J 28 
- 5 25 
4J 19 23 - 4 16 
44 12 9 J 9 
46 17 22 
- 5 25 
52 8 9 - 1 1 
58 6 J J 9 
60 2J 21 2 4 
63 26 29 
- J 9 
65 8 26 
-18 324 
-26 436 
A = .646 
~ttitude Scale IIE--Towards Man and His Environment 
Item Before After Difference 
Xl X2 D D2 
25 13 18 - 5 25 
26 25 26 - 1 1 
28 23 1 1 
31 16 16 0 0 
33 14 20 - 6 36 
40 28 25 3 9 
43 19 23 - 4 16 
55 23 24 1 1 
56 11 8 _l 
-2 
-10 98 
A = .980 
Hypothesis IIIE--There is no significant difference in the 
attitudes of the control group before and after receiving 
instruction in Mth 110 and Mth 114. 
179 
180 
Descriptive Scale IA--Views about Mathematics Teaching 
Item Before After Difference 
Xl X2 D D2 
4 26 45 -19 361 
6 41 43 - 2 4 
7 16 JJ -17 289 
12 J6 37 - 1 1 
lJ 11 14 
- J 9 
15 44 40 4 16 
16 25 JO - 5 25 
17 24 26 - 2 4 
18 24 27 
- J 9 
19 22 24 ,, 2 4 .. 
21 2 0 2 4 
22 25 24 1 1 
-47 727 
A= .J58 
Descriptive Scale IB--Views about School Learning 
Item Before After Difference 
x1 Xz D D2 
1 12 12 0 0 
2 J2 37 - 5 25 
J 21 22 - 1 1 
5 9 29 -20 400 
8 J2 25 7 49 
9 39 41 - 2 4 
10 28 41 
-13 169 
11 29 25 4 16 
14 18 16 2 4 
20 17 5 12 144 
A = 3.17 -16 812 
r 
r 
t< 
~ 181 
f 
~ ~ Attitude Scale IJ:A--Towards Mathematics as a Process 
~· 
Item Be :fore After Difference 
x X2 D D2 1 
23 7 1 6 36 
38 22 18 4 16 
42 26 18 8 64 
49 19 26 - 7 49 
59 30 22 8 64 
62 17 14 3 9 
64 16 12 4 16 
26 254 
A = .376 
Attitude Scale IIB--About Difficulties in Learning Mathematics 
Item Before After Difference 
Xl X2 D 
D2 
29 34 34 0 0 
37 42 42 0 0 
48 41 44 - 3 9 
51 45 41 4 16 
53 Jl 22 9 81 
57 J6 36 0 0 
61 37 44 =-1 ~>49 
J 155 
A = 17.2 

18J 
Attitude Scale IIE--Towards M.an and His Environment 
Item Before After Difference 
Xl Xz D D2 
25 28 28 0 0 
26 35 JO 5 25 
28 JO J6 - 6 J6 
Jl 26 29 - J 9 
33 35 24 11 121 
40 37 35 2 4 
43 JO 36 - 6 36 
55 33 35 - 2 4 
56 18 15 -1 -2. 
4 244 
A = 61 
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